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3.3 

branch 

portion of the pipeline distribution system wtilch supplies one or more areas on the same floor of the facility 

3.4 

commissioning 

proof of function to verify that the agreed system specification is met and is accepted by the user or his 

representative 

3.5 

control equipment 

Items necessary to maintain the medical gas pipeline system within the specified operating parameters 

NOTE Examples of control equipment are pressure regulators, pressure-relief vatves, alarms, sensors, manual or 
automatic valves and non-return valves. 

3.6 

cryogenic liquid system 

supply system containing a gas stored in the liquid state in a vessel at temperatures lower than -150 *C 

3.7 

cylinder bundle 

pack or pallet of cylinders linked together with one or more connectors for filling and emptying 

3.8 

diversity factor 

factor which represents the maximum proportion of terminal units In a defined clinical area which wiH be used 

at the same time, at flowrates defined in agreement with the management of ttie healttKare facility 

3.9 

double-stage pipeline distribution system 

pipeline distribution system in which gas Is initially distributed from ttie supply system at a pressure higtwr 
than the nominal distribution pressure, and Is then reduced to the nominal distribution pressure by line 
pressure regulator(s) 

NOTE This initial higher pressure is the nominal supply system pressure (see 3 32) 

3.10 

emergency clinical alarm 

alarm to Indicate to medical and technical staff that there Is abnormal pressure within a pipeiine that requires 
an Immediate response 

3.11 

emergency inlet point 

inlet point which allows the connection of an emergency supply 

3.12 

emergency operating alarm 

alarm to indicate to technical staff that there is abnormal pressure within a pipeline that requires an immediate 

response 

3.13 

emergency supply 

source of supply Intended to be connected to an emergency inlet point 

3.14 
gas-specific 

having characteristics which prevent connections t>etween different gas services 
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3.1S 

gas-specific connsctor 

connector with tfimensional characteristics which prevent connections between different gas services 

NOTE Examples of gas-specific connectors are quick connectors, screw-threaded connectors, diameter-indexed 
safety system (DISS) connectors or non-tnterchangeable screw-threaded (NiST) connectors. 

3.18 

high-dependency patient 

patient with a continual need of a medical gas/vacuum supply, who will be adversely affected by a medical 
gas/vacuum supply failure to such a degree that his/her dinical condition or his/her safety can be 
compromised 

3.17 

information signai 

visual indication of normal status ^ 

3f.18 

line pressure regulator 

pressure regulator intended to supply the nominal distribution pressure to the terminal units 

3.19 

low-pressure hose assembly 

assembly consisting of a flexible hose with penmanentty attached gas-specific inlet and outlet connectors and 
designed to conduct a medical gas at pressures less tfian 1 400 kPa 

3.20 

main line 

portion of the pipeline distribution system connecting the supply system to risers and/or branches 

3.21 

maintenance supply assembly 

irieU point which allows the connection of a maintenance supply 

3.22 

maintenance supply 

source of supply intended to supply the system during maintenarKe 

3.23 
manifold 

device for connecting the outtet(s) of one or more cylinders or cylinder bundles of the same gas to tfie pipeline 
system 

3.24 

manifold pressure regulator 

pressure re^lator irrtended to be installed within sources of supply containing cylinders or cylinder bundles 

3.2* 
manufocturer 

natural or legal person with responsibility for the design, manufacture, packaging and labelling of a device 
before it is placed on the market under his own name, regardless of whether these operations are carried out 
by that person himself or on his behalf by a third party 

3.26 

maximum distribution pressure 

pressure at any termffval unit when the pipeline system is operating at zero flow 
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Anaesthetic, Resuscitation and Allied Equipment Sectional Committee, MHR 1 1 



NATIONAL FOREWORD 

This Indian Standard (Part 1 ) which is identical with ISO 7396-1 : 2007 'Medical gas pvp^ine systems — 
Part 1 : Pipeline systems for compressed medical gases and vacuum' issued by the international Organization 
for Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation oH the 
Anaesthetic, Resuscitation and Allied Equipment Sectional Committee and approval of the Medical Equipment 
and Hospital Planning Division Council. 

Many healthcare facilities use pipeline systems to deliver medical gases and to provide vacuum to areas 
where they are used in patient care or to power equipment such as ventilators and surgical tools. 

This standard specifies requirements for pipeline systems for compressed medical gases, gases for driving 
surgical tools and vacuum. It is intended for use by those persons involved in the design, construction, 
inspection and operation of healthcare facilities treating human beings. Those persons involved in the 
design, manufacture and testing of equipment intended to t>e connected to pipeline systems should also be 
aware of the contents of this standard. 

This standard seeks to ensure that medical gas pipelines contain only the specific gas (or vacuum) intervled 
to be supplied. For this reason, gas-specific components are used for terminal units and for other corinectors 
which are intended to be used by the operator. In addition, each system is tested and certified to contain 
only the specific gas (or vacuum). 

The objectives of this standard are to ensure the following: 

a) Non-interchangeability between different pipeline systems by design, 

b) Continuous supply of gases and vacuum a specified pressures by providing appropriate sources, 

c) Use of suitable materials. 

d) Cleanliness of components, 

e) Correct installation, 

f) Provision of monitoring and alarm systems, 

g) Correct marking of the pipeline system, 
h) Testing, commissioning and certification. 

j) Purity of the gases delivered by the pipeline system, and 
k) Correct operational management. 

This standard is published in two parts. The other part of this series is: 
Part 2 Anaesthette gas scavenging disposal systems 

The text of ISO Standard has t)een approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not ktentical to those used in Indian Standards. Attention is 
partcularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this stauxlard, they shouM be read as 
'Indian Standard*. 

b) Corrvna (,) has been used as a decimal marker in the International Standard while in Indian Standards, 
the current practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to the foltowing International Standard for which Indian Standard 

iii 
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also exists. The corresponding Indian Standard which is to be substituted in its place is listed below along with 
its degree of equivalence tor the edition indicated: 



International Standard 



Corresponding Indian Standard 



ISO 15001 ; 2003 Anaesthetic and IS/ISO 15001 : 2003 Anaesthetic and 
respiratory equipment — Compatibility respiratory equipment — Compatibility 
with oxygen with oxygen 



Degree of Equivalence 
Identical 



The technical committee responsible for the preparation of this standard has reviewed the provisions of the 
following International Standards and has decided that they are acceptable for use in conjunction with this 
standard: 



International Standard 
ISO 3746: 1995 

1505359:2008 
ISO 8573-1 :2001 
ISO 91 70-1 :2008 

18010083:2006 
18010524-2:2005 

18011197:2004 
IS0 14971 :2007 
18021969:2005 
lEC 60601 -1-8: 2006 

EN 286-1: 1998 

EN 1041: 2008 
EN 13348:2008 



Title 

Acoustics — Determination of sound power levels of noise sources 
using sound pressure — Sun/ey method using an enveloping measurement 
surface over a reflecting plane 

Low-pressure hose assemblies for use with medical gases 

Compressed air — Part 1 : Contaminants and purity classes 

Terminal units for medical gas pipeline systems — Part 1:Termlnal 
units for use with compressed medical gases and vacuum 

Oxygen concentrators for use with medical gas pipeline systems 

Pressure regulator tor use with medical gases — Part 2: Manifold artd lirte 
pressure regulators 

Medical supply units 

Medical devices — Application of risk management to medical devices 

High-pressure flexible connections for use with medical gas systems 

Medical electrical equipment — Part 1-8: General requiremente for safety — 
CoHaterai standard: Gerwral requirements, tests and guidance for alaim systems 
in medical etectricat equipment and medical electrical systems 

Simple unfired pressure vessels designed to contain air or nitrogen — 
Part 1 : Pressure vessels tor gerteral purposes 

Information supplied t>y the manufacturer with me<fical devices 

Copper and copper aHoys — Seamless round copper tubes for medical gases 
or vacuum 



For the purpose of decidmg whether a particular requ^ement of ttiis standard 'w corr^jHed with, the final 
value, observed or calculated expressing the result ol a test or analysis, Shan be rounded off in accordance 
with IS 2 : 1960 'Rules for roun(^ oft numerical vahies (revised)'. The number of significant (riaces retained 
in tt>e rounded off value should be the same as that of the specified value in this standard. 



Wf 
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3.27 
medical air 

natural or synthetic mixture of gases, mainly composed of oxygen and nitrogen in specified proportions, with 
defined limits for the concentration of contaminants, supplied by a medical gas pipeNrw system arxi intervled 
for administration to patients 

NOTE 1 Medical air can be produced by supply systems vrith air compressors or by supply systems with proportionmg 
units. 

NOTE 2 Medical air produced by air compressor systems is called 'medicinal air* by European Pharmacopoeia 2005 

NOTE 3 Medical air produced by proportioning systems is called 'synthetic medidnal air* by European 
Pharmacopoeia 2005. 

3.21 
medical gas 

any gas or mixture of gases intended for administration to patients for anaesthetic, ttierapeutic, diagnostic or 
prophylactic purposes 

3.29 

medical gas pipeline system 

complete system which comprises a supply system, a monitorir)g and alarm system and a distritMJtion system 

with terminal units at the points where medical gases or vacuum are required 

3.30 

minimum distribution pressure 

lowest pressure occurring at any terminal unit when the pipeline system is operating at ttie system design flow 

3.31 

nominal distribution pressure 

pressure which the medical gas pipeline system is intended to deliver at the tenninal units 

3.32 

nominal supply system pressure 

pressure which the supply system is Intended to deliver at the inlet to the line pressure re^lators 

3.33 

non-cryogenic liquid system 

supply system containing a gas stored under pressure in the liquid state hi a vessel at te m p erat u res not lower 
than -50 "C 

3.34 
non-return valve 

valve which permits flow In one direction only 

3.3S 
operating alarm 

alann to Indicate to technical staff that it is necessary to replenish the gas supply or to correct a malfunction 

3.36 

oxygen concentrator 

device which prodixres oxygerv-enriched air from ambient air by extraction of nitrogen 

3.37 
oxygen-enriched air 

gas produced by an oxygen corKentrator 

3.38 

pipeline distribution system 

portion of a medical gas or vacuum pipeline system linking the sources of supply of the supply system to the 
terminal units 
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3.39 

prauura ivgulator 

device vxhich reduces the inlel pressufe and maintains the set outtet pressure within speafied limits 

3.40 

pi«ssura-f*lief vahre 

device intended to relieve excess pressure at a preset pressure value 

3.41 

primary source of supply 

portion of the supply system which supplies ttie pipeline distribution system 

3.42 
proportioning unit 

device w\ wtiich gases are mixed in a specified ratio 

3.43 

reserve source of supply 

that portion of the supply system which supplies the complete, or a portion(s) of the, pipeline distribution 
system in the event of faHure or exhaustion of both the primary and secondary sources of supply 

3.44 

riser 

portion of the p^wttne distribution system traversing one or more Itoon and connecting the main line with 
branch tines on various levels 

3.46 

—cen d aiy source of supply 

portion of Itw supply syirtem which supplies Itte p4>eKne (Sstribution system in the event of exhaustion or 
faiure of the primary source of supply 

3.4« 

•hut-off valve 

valve which prevents flow in both dtrections wt>en dosed 

3.47 

•Henclng 

tamporwy stoppir>g of an auditory alarm signal by manual action 

NOTE This s also reterred to as audio pausing 

3.4« 

single fault condition 

condition in which a single means for protection aganst a safety hazwd in equipment is defective or a single 

external abnormal condition i* present 

NOTE Maintananoa of aquipmeni is considarad a nomtal condition. 

3.4f 

singi»«tage pipeNne diMribution syMem 

pHMline distrax*on system in which gas is distributed from the supply system at the nominal distribution 
pressure 

3.S0 

source of supply 

portion of the supply system with associated control e<MP'nent which si^jplies the pipeline distribution system 
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5.4 Supply systems with mobile or stationary cryogenic or non-cryogenic veseels 

NOTE Regional or national regulations applying to mobile and stationary cryogenic and non-cryogsntc vessels can 
exist. 

5.4.1 Except for nitrogen for driving surgical tools, a supply system with stationary cryogenic or noo- 

cryogenic vessels shall consist of one of the following: 

a) one stationary cryogenic or non-cryogenic vessel with associated equipment and two banks of cytinders 

or cylinder bundles; 

b) two stationary cryogenic or non-cryogenic vessels with associated equipment and one bank of cylinders 

or cylinder bundles; 

c) three stationary cryogenic or non-cryogenic vessels with associated equipment 

The sources-of-supply management procedure (see Annex G) should take into account the natural 
vaporization of liquid contained in cryogenic and non-cryogenic vessels. 

5.4.2 All supply systems with mobile or stationary cryogenic or non-cryogenic vessels shall comply with 
52,2.1. 

5.5 Supply systems for air 

5.5.1 General requirements 

5.5.1 .1 A supply system for medical air or air for driving surgical tools shall be one of the following; 

a) a supply system with cylinders or cylinder bundles as specified in 5.3; 

b) a supply system with air compressor(s) as specified In 5.5.2; 




18/ISO 7396-1 : 2007 



5.8.2 Supply systems with air comprtssoits) 

5.5.2.1 n Regional or national regulations applying to me<fical air proAJced by a supply system w«h air 
compre5»or(s) can exist Where such regulations do not exist, medical air shall comply with the following: 

a) oxygen concentration > 20.4% (volume fraction) and « 21,4% (volume fraction) 

b) total oil concentration « 0,1 mg/m' measured at ambient pressure 

c) cartoon mofwxtde corwentration $ 5 ml/m^ 

d) carbon (fioxide concentration « 500 ml/m' 

e) water vapour content € 67 ml/m' 
si^fur cNoxide concentration $ 1 ml/m' 
g) NO + NO2 concentration jS 2 ml/m' 
NOTE 1 01 can be present as hquid. aerosol and vapour. 

NOTE 2 These values are taken from the European Phamiacopoeia 2005. 

5.5.2.2 IMedical air and air for driving surgical tods supplied by compressor systems shall be filtered to 
mamtatn Vrm particulate contamination below the level provided by Table 2, class 2 of ISO 8573-1 :2001 . 

NOTE Regional or national requirements applying to particulate contamination can exist. 

5.5.2.3 r) Regnnal or national regulations applyirtg to air for driving surgical tools produced by a supply 
system with air compressor(s) can exist Wtwre such regulations do not exist, air for driving surgical tools shall 
comply with the foilowir^ 

a) total oil concentration « 0, 1 mglm^ measured at ambient pressure 

b) water vapour content ^ 67 mVm^ 

NOTE 1 Od can be present as liquid, aerosol »xl vapour 

NOTE 2 For air for (kivmg surgical tools, a low water content is necessary to prevent the formation of water or ice (from 
cooimg due to adiabatic expansion) \Mhich can damage tools 

5.5.2.4 A supply system vmth compressor(s) for medical air shall comprise at least three sources of 
supply, at least one of which sha« be a compressor unit The supply system shall be such that the system 
design flow can be supplied with any two sources of supply out of service 

Ttie source oi supply shall t>e one of the following 

a) a compressor unit. 

b) a t>ank of cylinders or cylinder burxiles 

The compressor unit(s) shaM be provided vwth receiver(s) and conditionKig unit(s). as required. 

If a supply system mchxJes two or more sources of supply fed from compressor units, at least tvw) conditioning 
umts Shan be provided 

Where ttie me<kcal air supply system consists of three or more compressor imits. which can be switched 
behween the different sources of siw>ly to provide adequate capacity, these shall be arranged so that during 
maintenarKe on any compressor unit or system component and during a subsequent single fault condition on 
any component c* ttie system (eg control system), the remaining compressor units and components shall be 
capable of supplying ttie system design flow to ensure contmurty of supply 
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5.2.2.2 Control equipment shall be designed so that components can be maintained wtthoul interrupting 
the gas supply. 

5.2.3 Primary source of supply 

The primary source of supply shall be permanently connected and shall be the main source of supply to the 
medical gas pipeline. 

5.2.4 Secondary source of supply 

The secondary source of supply shall be permanently connected and shall automatically supply the pipeline in 
the event that the primary source of supply is unatrie to supply the pipeline. 

5.2.5 Reserve source of supply 

The reserve source of supply shall be permanently connected. Activation of the reserve supply in the event of 
both the primary and the secondary sources of supply t>eing unat)le to supply the pipeline or for maintenance 
can be automatic or manual. A reserve source of supply can also be required for air or nitrogen for dnving 
surgical tools. 

The manufacturer together with the healthcare facility managemerrt shall determine the location of the reserve 
source(s) of supply to cover the complete pipeline system. 

NOTE This can result in a number of reserve sources of supply, some or all of iwhich could be dose to the temiinal 
units. 

5.2.6 Means of pressure relief 

5.2.6.1 For all compressed medical gases except air, pressure-relief valves shall be vented to the outside 
of the building and the vents shall be provided with means to prevent the ingress of, for example, insects, 
debris and water. The vents shall be located remote from any air intalces, doors, windows or ottier openings in 
buildings. Consideration shall be given to the potential effects of prevailing vinr>ds on the location of the vents 

5.2.6.2 All pressure-relief valves shall dose automatically wt>en excess pressure has t>een released 

5.2.6.3 It shall not be possible to isolate a means of pressure relief, for example by a shut-off valve, from 
the pipeline or the pressure regulator to which it is connected. If a valve or a flow-limitir^ device is 
incorporated for maintenance, it shall be fully oper^ed by the insertion of tt>e means of presswe relief. 

NOTE Attention is drawn to regional, national and intemabon^ standards for pressure-relief valves, eg ISO 4126-1 1^1 

5.2.6.4 Means shall t>e provided to protect tfie pressure-relief valve from tampering 

5.2.6.5 Any portion of a pipeline within a supply system where gas in Hqwd phase can be entrapped 
between two shut-off valves shall be provided with means to relieve excess pressure resulting from 
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5.2.7.2 The ma.ntenance supply assembly shall have a gas-specif.c inlet connector a means of pressure 
relief a non return valve and a shut-off valve The design of the supply assembly shaH take '"<« «count he 
flow which can be required under maintenance conditions The supply assembly shall be physically protected 
to prevent tampering and unauthorized access 

The maintenance supply assembly should be located outside of the area of the supply system and should 
allow access by vehicles 

5.2 8 Pressure regulators 

For single-stage pipeline distnbution systems, the pressure regulators within the supply systems shall be 
capable of controlling pipeline pressure at levels which meet the requirements specified in Table 2. 7.2.2 and 
723 

5.3 Supply systems with cylinders or cylinder bundles 

5.3.1 A supply system with cylinders or cylinder bundles shall comprise: 

a) a primary source of supply which supplies the pipeline; 

b) a secondary source of supply which shall automatically supply the pipeline when the primary source of 
supply becomes exhausted or fails: 

c) a reserve source of supply (except for air or nitrogen for driving surgical tools). 

Except for air and nitrogen for driving surgical tools, the supply system with cylinders or cylinder bundles shall 
be such that the system design (low can be supplied with any two sources of supply out of service. 

5.3.2 The primary and secondary sources of supply which alternately supply the pipeline shall each consist 
of one bank of cylinders or cylinder bundles When an exhausted bank of cylinders or cylinder bundles is 
replaced, it shall be possible to reset the automatic change-over either manually or automatically. Each bank 
shall have its cylinders or cylinder bundles connected to a manifokJ with its own pressure regulator. Except for 
air. vent valves, if fitted on manifoMs, shall be vented outside of the building. 

5.3.3 Except for banks with only one cylinder or cylinder bundle, a non-return valve shall be installed at the 
manifold end of each flexitile connection between the cylinder or cylinder bundle and the manifold. 

5.3.4 A filter having a pore size no greater than 100 pm shall be provided between the cyiinder(s) and the 
first pressure regulator 

5.3.5 (*) The flexible connections between each cylinder or cylinder bundle and the manifold shall comply 
with ISO 21969 Non-metallic (polymer-hned or njbber-reinforced) flexible hoses shall not be used. 

5.3.6 Means shall be prowivi to individually secure all cylinders located within the supply system to 
prevent them from falling over The flexible connections between each cylinder and the manifold shall not be 
used for this purpose 

5.3.7 All supply systems with cylinders shall comply with 5.2.2.1. 
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5.9 Location of cylinder manifoids 

The location of cylinder manifolds shall be defin«d in collaboration with the relevant authorities and in 
accordance with the relevant national standards Informative guidelines are given in Annex B. 

5.10 Location of stationary cryogenic vessels 

The location of stationary cryogenic vessels shall t>e defined in collaboration with the relevant authorities and 
the gas supplier and in accordance with the relevant national standards. Informative guidettrws are given in 
Annex B. 



6 Monitoring and alarm systems 

6.1 General 

Monitoring and alarm systems have four different purposes which are fulfilled by operating alarms, emergency 
operating alamis, emergency clinical alarms aruj information signals. The purpose of operating alarms is to 
notify the technical staff that one or more sources of supply within a supply system are no longer available for 
use and it is essential that action be taken. Emergency operating alarms indicate abnorm^ pressure within a 
pipeline and could require immediate response by the technical staff. Emergency clinical alarms indicate 
abnormal pressure within a pipeline and could require immediate response by both the technical and the 
clinical staff. The purpose of information signals is to indicate normal status. 

6.2 Installation requirements 

6.2.1 If not specified in this part of ISO 7396, the location of indicator panels shall t>e determined by tfie 
system manufacturer in consultation with the healthcare facility management using risk management 
principles. 

6.2.2 Monitoring and alarm systems shall comply with the following requirements: 

a) the design and location of the indicator panels shall allow continuous observation; 

b) an indicator panel displaying all operating alarm signals specified In 6 4 shall be installed in at least one 
location allowing continual observation or communication; 

c) the indicator panel(s) for the emergency clinical alarm signals specified in 6.5 shall be installed in the 
clinical and critical areas and an additional panel can be installed near the area shut-off valve and shall 
indicate the area monitored; 

d) pressure gauges or indicators, if provided, shall show tf>e distribution pressure arKi shall be marked to 
indicate the service and the area monitored; 

e) visual indicators shall be provided for each condition monitored and shall be merited according to 
function; 

f) the sensing devices for emergency clinical alarms listed in 6 5 shall be kxated downstream of each area 
shut-off valve; 

g) means shall be provided for testing the activation mechanism and furx:6oning of visu^ and auditory alarm 
signals; 

h) it shall not be possible to isolate a pressure-sensing device, for example by a manually operated shut-off 
valve, while it is connected to the pipeline If a valve is incorporated for maintenar>ce purposes, it shall be 
opened by the insertion of the sensing device; 

i) the operating tolerance on the set point of any pressure-sensing device shall not exceed ± 4 % 
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6.2.3 (•) Monitoring and alarm systems shall be connected to l)oth ttie nofmal and the emergency electrical 
power supplies and shall be Individually electrically protected. 

6.2.4 Alarm systems shall be designed so tfiat an alarm is Initiated if there is electrical failure between the 
sensor and ttie indicator. 

6.3 Monttoring and alarm signals 

6.3.1 General 

The categories and the characteristics of the monitoring and alarm signals shall comply with Table 1 . 

6.3.2 Auditory signals 

6.3.2.1 If a pattern of more than two tones or frequencies is used as an auditory signal, the auditory 
signal(s) for emergency cKnical alarms shall conform to the requirements of lEC 60601-1-8. 

6.3.2.2 AN other auditory signals shall comprise one or two tones modulated equally, e.g. at a rate of 4 Hz 
t)etween two tones (rf 440 Hz arxl 880 Hz. Ttie A-weighted sound pressure level of the auditory components 
of these alarm si^ials at minimun volume shall be at least 2 dB above a white background level of 55 dB 
wt>en tested in accordance with ISO 3746. 

6.3.2.3 If an auditory signal can be silenced by the operator, the silencing shall not prevent the auditory 
signal from being activated by a new alarm condition. 

6.3.2.4 n >f an emergency auditory signal can be silenced by the operator, the period of silencing shall 
not exceed 15 min. 

6.3.2.5 If means to allow permanent audio pausing of the auditory signal are provided, such means shall 
only be accessible to authorized staff. 

6.3.3 Visual signals 

6.3.3.1 The visual signals for emergency cHr^al alarms shall confbmi to the requirements of 
lEC 60601-1-8. 

6.3.3.2 The indteator colours and the characteristics of visual signals shall comply with Table 1 . 

6.3.3.3 Visual indications should be perceived correctly and discriminated between under the following 
conditions (see lEC R0601-1-8): 

a) operator with a visual acuity of 1 (corrected if necessary): 

b) viewpoint at a distance of 4 m and at any point within the base of a cone subtended by an angle of 30° to 
the axis normtf to the centre of the plane of display (rf the visual indication; 

c) under an ambient illuminance throughout the range of 100 Ix to 1 500 Ix. 

6.3.4 Emergency and operating alarm characteristics 

6.3.4.1 For emergency dinicrt alarms and emergency operating alarms (see Table 1), there shall be a 
visual and a stmuttar%<Hts auditory signal 

6.3.4.2 For operating alarms (see Table 1 ). there shall be at least a visual signal. 

6.3.4.3 When the condition which has caused the alarm has cleared, the auditory signal and the visual 
signal shall reset automatically or by deliberate operator action 
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Table 1 — Alarm categories and signal characteristics 



Category 


Operator response 


Indicator colour 


Visual signal 


Auditory signal 


Emergency dinical 
alarm 


Immediate response 

to deal with a 
hazardous situation 


Complying with 
lEC 60601-1-8 


Complying with 
lEC 60601-1-8 


Complying with 
lEC 60601-1-8* 


Emergency operating 
alarm 


Immediate response 

to deal with a 
hazardous situation 


Red 


Flashing " 


Yes 


Operating alarm 


Prompt response to a 
hazardous situation 


Yellow 


Flashing * 


Optional 


Infonnation signal 


Awareness of normal 
status 


Not red 
Not yellow 


Constant 


No 


• If a pattern of more ttian twn tones or frequencies IS used 

''^ Visual llasNng frequendes for operating alarms and emergency operating alanns shoiM be l>etvveen 0.4 Hz ami 2.8 Hz «Mth a duty 
cyde l)etween 20 % and 60 %. 



6.3.5 Information signals 

Information signals shall be provided to indicate normal status and shall consist of a visual signal 
(see Table 1). 

6.3.6 Reniote alarm extensions 

If a remote alarm extension is provided, it shall be arranged so that a failure in the external circuit will not 
affect the correct functioning of the main alarm The location of indicator panels for a remote alarm shall be 
determined by the system manufacturer in consultation with the healthcare faality management using risk 
management principles. 

6.4 Provision of operating alarms 

Operating alarm signals shall be provided to indicate the following 

a) change-over from primary to secondary cylinder supplies, if different from 6 4 b); 

b) any primary, secondary or reserve cylinder supply below minimum pressure or content. 
NOTE For nitrous oxide and cartoon dioxide cylinders, pressure might not indicate ttie content 

c) pressure in any cryogenic vessel below the minimum specified by ttie management of the healthcare 
facility in consultation with the gas supplier: 

d) liquid level in any cryogenic vessel t)elow the minimum specified by the management of the healthcare 
facility in consultation with the gas supplier; 

e) malfunctioning of an air compressor system. 

f) for air supplied by a compressor system, water vapour content above the level specified in 5 5 2 1 or 
5.5.2.3; 

g) malfunctioning of a proportioning system ; 
h) malfunctioning of a cryogenic system; 

i) malfunctioning of a vacuum system; 

j) malfunctioning of a supply system for oxygervenriched air 
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6.5 Provision of emergency clinical alarms 

Emergency cl,n,cal alarm signals shall be prov.ded to indicate the following: 

X .„«,c chiit off ualve bv more than + 20 % from the 
a) deviation of the pipeline pressure downstream of any area shut-off valve oy mo 

nominal distribution pressure; 
„ an increase of pipeline pressure for vacuum upstream of any area shut-off valve above 66 kPa absolute. 

6.6 (*) Provision of emergency operating alarms 

Emergency operating alarm signals shall be provided to indicate the following: 

a) for a single-stage distribution system, deviation of the pipeline pressure downstream of the main shut-off 
valve by more than ± 20 % from the nominal distnbution pressure; 

b) for a double-stage distnbution system, deviation of the pipeline pressure downstream of the main shut-off 
valve by more than ± 20 % from the nominal supply system pressure; 

c) increase of pipeline pressure for vacuum upstream (except for rings) of the main shut-off valve above 
44 kPa absolute 

NOTE Regional or national ^egulatlons/stat^dards can require a different value for the vacuum alarm. 

The location of the pressure sensors should be consistent with the location and the intended use of ring shut- 
off valves, if fitted 

7 Pipeline distribution systems 

7.1 (Mechanical resistance 

All sections of pipeline distribution systems for compressed medical gases shall withstand a pressure of 1 ,2 
times the maximum pressure which can be applied to that section in single fault condition. 

7.2 Distribution pressure 

NOTE Unless otherwise speafied. pressures in this part of ISO 7396 are expressed as gauge pressure (i.e. 
atmospheric pressure « defined as 0) 

7.2.1 The nominal distnbution pressure shall be within the ranges given in Table 2. Different gases can be 
delivered at different nominal distnbution pressures in the same healthcare facility. For example, nitrous oxide 
can be delivered at a nominal distnbution pressure lower than that for oxygen in order to prevent flow of 
nitrous oxide into the oxygen pipeline wtien gas mixers or other equipment are used. 



Table 2 — Ranges of nominal distribution pressure 

Pressure in kilopascals 



Compressed medical gases other than air or 
nitrogen for dnving surgical tools 



Air or nitrogen for dnving surgical tools 



Vacuum 



400 



+100 



«~"-100 



<60« 



Regional or national regulations/siandanh can require a diflerent range 



Absohjte pressure 
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10 Marking and colour coding 

10.1 Marking 

10.1.1 Pipelines shall be marked in accordance with 10 12 with the gas r\ame and/or symbol adjacent to 
shut-off valves, at junctions and changes of direction, before and after walls and partitions, etc., at intervals of 
no more than 10 m and adjacent to terminal units 

NOTE 1 Typical examples of marVing methods are metal tags, stenalling. stamping arxj adtwsive markers 

NOTE 2 For identification of shut-off valves, see 8 13 

10.1.2 Marking shall 

a) be in accordance with ISO 5359, 

b) use letters not less than 6 mm high, 

c) be applied with the gas name and/or symbol along the longitudinal axis of the pipeline, and 

d) include arrows denoting direction of flow. 

NOTE Regional or national regulations applying to marking of pipeline systems and tt>eir components can exist. 

10.2 Colour coding 

If colour coding is used for pipelines, it shall comply vinth ISO 5359 

NOTE 1 The colours specified in ISO 5359 and national standards are also used for non-medical applications 

NOTE 2 Regional or national regulations applying to colour coding of pipeline systems and tfwir components can exist. 

11 Pipeline installation 

11.1 General 

11.1.1 Pipeline systems shall be used only for patient care No connections shall be made to a pipeline 
system for other uses. Permitted uses of medical air and air for driving surgical tools related to patient care 
are given in 5.5.1 .2. Non-permitted uses of medical air and air for driving surgical tools are given in 5.5,1 .3. 

11.1.2 Pipelines and electrical services shall either 

a) run in separate compartments, or 

b) be separated by more than 50 mm 

NOTE Regional or national regulations which apply to electncal installations in buildings can exist 

11.1.3 The pipeline shall be bonded to an earth terminal as near as possible to the point at which the pipelirw 
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i II J - »,<»-.= r^f eruwiai hazard e a in areas where flammable 

11.1.5 Uriprotected p,pehr,es shall not ''^ '"^^'^ ^^rin ^Jch a iSn the pipeline shall be 
materials are stored Where installation of pipelines in such a location is unavoio , k k 

installed in an enclosure that will prevent the liberation of medical gas within the area should a leak occur, 

NOTE Regional or national regulations which apply to building requirements and (ire prevention can exist. 

11.1.6 If pipelines are placed underground, they shall be placed in tunnels c. duds. J^^ !""^j'.°;^,^^^^^^^^^ 
be provided with adequate drainage to prevent the accumulation of "^'^^ ^^^^^^^^1^^^^^ 'CiJs 
duct alone with other services or with pipelines for other fluids or gases, the PO^e"*'^'^^^!,™ !"^'"9lr°r^ ""'J 
situation Shall be assessed using risk analysis procedures in accordance with 'fO 14971. Tf^nsk 
assessment shall take into account that a leak which is not delected (e.g. by an alarm or f^^Jc inspedion) 
Shall be considered a normal condition and not a single fault condition. The roirte ^^ P'P«« P'^^«i""S°""j 
should be indicated at the site by appropnate means, eg by continuous marking tape above the pipeline at 
approximately one-half the depth of burial 

11.1.7 Pipelines shall not be installed in elevator shafts. 

11.1.8 A shut-off valve shall not be installed where a leak is likely to cause an accumulation of gas, for 
example in a sealed cavity 

11.1.9 Damage due to contact with con-osive materials shall be minimized, e.g. by the use of impermeable 
non-metallic materials applied to the outer surface of the pipes in the area virfiere the contact can occur. 

11.1.10 Allowance shall be made for expansion and contraction of pipelines. 

11.1.11 All pipelines for medical gases shall be routed in such a way that they are not exposed to a 
temperature less than 5 'C above the dew point of the gas at pipeline pressure. 

Attention is drawn to the possibility of restriction of flow due to exposure of vacuum pipeline to low 
temperature 

11.1.12 Pipeline components which come into contact with the medical gas shall be protected from 
contamination during installation. 

11.2 Pipeline supports 

11.2.1 Pipelines shall be supported at inten/als to prevent sagging or distortion Maximum intervals between 
supports for metallic and non-metallic pipes should not exceed the values given in Table 3. 

NOTE Regional or national regulations specifying intervals tjetween supports can exist 

11.2.2 The supports shall ensure that the pipeline cannot be displaced accidentally from its position 

11.2.3 The supports shall tie of corrosion-resistant material, or shall be treated to prevent corrosion. Means 
shall be provided to prevent electrolytic corrosion t>^ween the pipes and the contacting surfaces of the 

supports 

1" 3=^-. 'V^TC1VV!^'!w«•^tc«SJ»i'9Ct^v:w'•^blff5-,»b^,n(^l^r^*s„«b^.^»J•^^^ 
1 1 .2.5 Pipelines shall not be used as support for, nor shall they be supported by, other pipelines or conduits. 

Table 3 — Maximum intervals tMrtwetfn supports for pipes 



Pip* outsid* diamettr 

mm 


MaxImiMn interval batweart aupports 

m 


Up to 15 
22 to 28 
35 to 54 

54 


1.5 
2.0 
2.5 
3,0 
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11.3 PIpeliRS joints 

1 1 .3.1 Except for mechanical joints used for cartain componatrte, al m^allk: pipeline joints shafl be brazed or 
welded The methods used for brazing or welding shall permit the joints to maintain their mechanical 
characteristics up to an ambient temperature of 600 "C Filter metals for brazing thai be nomlnaly cadmium- 
free (i e less than 0,025 % mass fraction cadmium). 

NOTE Mechanical joints (eg flanged or threaded connections) can be used to connect oomponenti such as shut-off 

valves, terminal units, pressure regulators, controte and monitoring end alarm sensors to the pipeitrw 

11.3.2 During brazing or welding of pipeline joints, the interior of the pipeline shall be continuously purged 

with shield gas 

NOTE EN 13133'^'! specifies requirements for ttie tKazing process, test conditions, assessment and cerii!fc**i 

EN 13134 1^''! specifies general njles (test procedures, test pieces) for the speoficatton and approval of t>r*2inQ 
procedures for all materials. 

11.4 Extensions and modifications of existing pipeline systems 

11.4.1 The components used in extensions and modification of an existing pipeline system shall comply with 
the relevant requirements of this part of ISO 7396 

11.4.2 The final connection of extensions shall be undertalien on only one system at a time, in order to 
minimize the risk of cross-connections Alt otfier systems st\ai\ remain at nominal distribution pressure Careful 
consideration shall be given to the location of this corwMSCtJon to minimize prot)(ems of access during 
installation and testing 

11.4.3 If an extension to an existing system Is to be made upstream (downstream for vacuum) of an area 
shut-off valve, a shut-off valve shall be added at the connection point, 

11.4.4 Extensions to an existing system shall ryjt be made unless It can be demonstrated thai the existJrig 
system meets the requirement specified in 12 6 10 

11.4.6 All terminal units In an extension shall be temporarily lat>e!led to indicate that they are not to be used 

11.4.6 Connection should be made to the existing system only after tt>e appropriate tests specified in 
Clause 12 have been successfully completed on the modification The shut-off valve speafied m 1 1 4 3 shall 
then be opened and further relevant tests completed on the modification 

11.4.7 When a connection is made to an existing system which is in use. ttwt connection shall be made at a 
single brazed connection point which can be tested for leakage at nominal distntnjtion pressure using leal<- 
detection fluid 

11.4.8 When ttie modification has tieen completed and tested in accordance with Clause 12, all latiels 
specified in 114 5 shall be removed. 

11.4.9 Ttie extension of an existing system shall be separated from ttie existing pipeline system during 
installation and pressure testing A single shut-off valve between the two systems is not considered to t>e a 
safe separation 

12 Testing, commissioning and ceitificatlon 

12.1 General 

Tests after completion of installation shall tie carried out, documented and certified by the manufacturer 

NOTE Regional or natronai regulations requiring ttie manufacturer to have an approved quality system can exist 

An example of a procedure for testing and commissioning is given in Arrtex C 
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12.2 G«neral requirements for tests 

12.2.1 Except for those tests in wWch the gas is specified, purging and testing as described in 12.4 shaU be 
carried out wth nitrogen, medical air or the specific gas. Medical air should be used for oxygen, 
oxygen/nitrous oxide mixtwe, oxygervenriched air and air p^>elines. 

12.2.2 Before any testing according to 12.4 is carried out, every terminal unit in a system urKler test shall be 
labelled to indicate ttiat ttie system is under test and the terminal unit shall n(A be used. 

12.2.3 The resolution and the accuracy of all measuring devices used for testing shall be appropriate for the 
values to be measured. 

12.2.4 All measuring devices used for certification shall be calibrated at appropriate intervals. 

12.2.5 For extensions and modifications of existing pipeline distribution systems, not all the tests listed in 
12 3 and 12.4 need to be carried out. The manufacturer shall specify and document which tests shall be 
carried out. 

12.2.6 Wtien the results of a test do rK>t meet the pass criteria, remedial work shall be carried out and 
previous tests repeated as necessary. 

12.3 Inspections and checia t)efore concealment 

The following inspections and checks shall be carried out: 

a) inspections of marking and pipeline supports (see 12.5.1); 

b) checks for compliwice with design specifications (see 12.5.2). 

NOTE some tests tor leakage and mechankal integrity can also be carried out before concealment (see 1 2.6. 1 ). 

12.4 Tests, checks and procedures before use of the system 
The folkywing tests and procedures shall be earned out in any order: 

a) tests for leakage and mechanical integrity (see 1 2.6. 1 ); 

^^ '^ti^^ls^litlT^ '"^ '*"''^'' '"^ '*""'" '"^ '*^' ^' •=°^ ^°"'"9 ^"^ ~^«« 

c) test for cross-connection (see 12 6 3); 

d) test for obstruaion and ftow (see 12 6 4); 

"' S:^ir;'2S "" '"' " °"' """^"^ '°^ -echanical fun«.on. gas specificity and 

tests or checks of system performanM (see 12 6.6); 

g) tests of pressure-relief valves (see 12 6 7), 

h) tests of all sources of supply (see 12 6 8), 

I) tests of monitonng and alarm systems (see 12 6 9), 

J) test for particulate contamination of pipeline distnbution systems (see 12 6 10) 

k) tests of the quality of medical air produced by m compressor systems (see 12 6 11) 
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12.6.8 Tests of all sources of supply 

Each source of supply shall be verified against its manufacturer's specifications or tested for all specified 
operating and emergency conditions according to its manuals and the reqi^rements of this part of ISO 7396. 

12.6.9 Tests of monitoring and alarm systems 

The performance of all monitoring and alarm systems shall be tested in all specified operating and emergency 
conditions according to their manuals and the requirements of this part of ISO 7396. 

12.6.10 Test for particulate contamination of pipeline distribution system 

Pipeline distribution systems for compressed medical gases shall t>e tested for particulate contamination The 
test shall be carried out using the device shown in Figure 1 at a flowrate of 1 50 l/min for at least 1 S s. 

The filter shall be free from particulate matter when viewed in good light Purging procedures might be 
necessary to meet this requirement. 




Key 

1 gas-spedfic probe (interchangeable) 

2 filter holder specified to withstand 1 000 kPa 

3 filter of diameter (50 ±5) mm and pore size 10 pm 

4 calKHBted iet (interchangeable) to provide a flowrate of 1 50 l/min at nominal distribution pressure 

Figur* 1 — Test device for qualitative determination of paittculate contwirination 
of pipelirw distribution systems 
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12.6.11 T«ts of the quality of medical air produced by supply systems with air compressor(s) 

Medical air supplied by a.r compressor systems shall be tested for compliance with 5,5.2.1 before filling the 
pipelines 

12.6.12 Tests of the quality of air for driving surgical tools produced by supply systems with air 
compressor(s) 

Air for driving surgical tools supplied by dedicated air compressor systems shall be tested for compliance with 
5 5.2 3 before filling the pipelines. 

12.6.13 Tests of the quality of medical air produced by supply systems with proportioning unit(s) 

Medical air supplied by proportioning systems shall be tested for compliance with 5.5.3.1 before filling the 
pipelines 

1 2.6.14 Tests of the quality of oxygen-enriched air produced by supply systems with oxygen 
concentrator(s) 

Oxygen-enriched air shall be tested for compliance with ISO 10083 before filling the pipelines. 

NOTE Regional or nationai regulations which apply to oxygen-enriched air produced by supply systems with oxygen 

conc8ntrator{s) can exist 

12.6.15 Filling with specific gas 

Each pipeline distribution system for compressed medical gases shall be filled with, and emptied of, its 
specific gas for a sufficient number of times to displace the test gas. Each terminal unit shall be opened in turn 
to allow the specific gas to fill the pipeline system. 

12.6.16 Test* of gas identity 

A gas identity check sh^l be carried out on each terminal unit after filling with its specific gas, using one or 
more devices so that positive identification of each medicjy gas is made. 

This test can include a check for atisence of odour. 

NOTE This test can be earned out at the same time as the tests descnbedin12 6 11, 12.6.12. 12.6.13 and 12.6.14. 

12.7 Certification of the systems 

12.7.1 Before a medical gas pipeline system is used, it shall be certified in writing to the healthcare facility 
that all the requirements of 12.3 and 12.4 have been met. The results of tests showing details of the services 
and areas tested should be part of the permanent record of the healthcare facility. 

Typical forms for this purpose are given in Armex D. 

NOTE The certification can be issued in two parts 

- part 1 to cow testing of ttw requirements of 12 3 and 12 4 (items a) through j)]. i.e. up to and including 12.6.10; 

;inUt5^reZirS,r ^"^ '^^ ^" ^^^--^^ ^ -"-'^- - -^^'^-^ *" C^use 13. have 
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12.7.3 When all tests tiave been completed satisfactorily, all construction labels which have been fixed to 

terminal units shall be removed. 

13 Information to be supplied by the manufacturer 

13.1 General 

The information to be provided by the manufacturer shall be in accordance with EN 1041 or equivalent 
national standards. 

13.2 Instructions for use 

13.2.1 The manufacturer of the complete system or the manufacturers of each component of the medical gas 
pipeline system (I.e supply systems, monitoring and alarm system and pipeline distrttxjtion system) shait 
provide the healthcare facility with instructions for use. 

NOTE 1 The Supply system, monitoring and alarm system arxl ttw pipeline distritMtion system can be supplied t>y one 
or several different manufacturers. 

NOTE 2 Regional or national regulations which apply to manufacturers of medical devices can exist 

13.2.2 Where national standards concerning information to be provided by the manufacturer do ncA exist, the 

instructions for use shall contain the following: 

— the name or trade name and address of the manufacturer: 

— year of manufacture and, where appropriate, an indication of the date by which the system and its 
components should be used, in safety, expressed as the year and month; 

— any special storage and/or handling conditions; 

— any special operating instructions; 

— any warning and/or precaution to be taken; 

— identification number; 

— a technical specification including the performances of the system and how to connect and disconnect 
detachable parts and accessories; 

— a description of all alarm signals and information signals; 

— the position in normal condition (i.e. open or closed) of all shut-off valves; 

— instructions for recommended periodic cfiecks of fur)ction of the system; 

— adequate information regarding the medicinal product or products whi(^ the system is designed to 

deliver; 

— Instructions for the disposal of components or consumat)te8 (e.g. oil used in compcesson and vacuum 
pumps, bacterial filters, charcoal filters, desiccants). 

13.2.3 The instructions for use given in 13.2.2 shall be drafted taking into acxounn the posaMlity tfiat several 
different parties are involved in operation, use and maintenarx:e. 
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13.3 Operational management infomiation 

13.3.1 The manufacturer(s) of each component of the medical gas pipeline system (i.e. supply systems. 
monitonng and alarm system and pipeline distribution system) shall provide operational management 
information to the healthcare facility to enable it to draft its Operational Management Document. 

13.3.2 The system manufacturer(s) shall provide instructions to the healthcare facility for recommended 
maintenance tasks and their frequency, and a list of recommended spare parts, if applicable. 

13.3.3 The manufacturer of the complete system shall provide information to enable the healthcare facility to 
prepare a specific emergency procedure to respond to catastrophic failure of one or more pipeline system(s), 
where the medical gas supplies to all medical devices might cease simultaneously. 

NOTE Informative guidelines for the preparation of the Operational Management Document are given in Annex G. 

Informative guidelines for risk management are given in Annex F. 

13.4 "As-installed" drawings 

1 3.4. 1 A separate set of 'as-installed' mechanical drawings which show the actual locations of the pipelines, 
the diameters of the pipelines, shut-off valves (including their identification, as appropriate) and all other 
components shall be maintained during construction, and shall be brought up to date as changes are made. 
These drawings shall include details which will enable buried or concealed pipelines to be located. 

13.4.2 A complete set of 'as-installed' drawings of the pipeline system as specified in 13.4.1 shall be 
presented to the healthcare facility for inclusion as part of the permanent record of the pipeline system. 

13.5 Electrical diagrams 

Electrical diagrams for the components supplied shall be provided by the system manu^cturer to the 
healthcare facility 
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NOTE See Tables A.2 and A.3 for keys to components and sutMSsembNes 

Figure A.1 — Single-stage pipeline system (three sources of suppty) 
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NOTE See T^>les A.2 w)d A.3 for Keys to components and subeaeembBes. 

Figure A.2 — Single-stags pipslins system (three sources of supply) — Altsmativs srrengsmsnt of 

rassrvs supply connection 
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NOTE See Tables A 2 and A 3 for keys to components and subassemblies. 

Figure A.3 — Double-stage pipeline system (three sources of supply) 
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See Tabtes A 2 and A 3 for keys to components and subassembtes 



Figure A.4 - Double-stage pipeline system (three sources of suddIv* ak ^ . 

reserve supply colTn^.ter'^'^ ''^ ~ Altemafve arrangement of 
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NOTE See Tables A 2 and A3 tor keys to components and subassemblies 



Figure A.S — Single-stag* pipeline system with air compressor supply system 
(one air compressor source - two cylinder sources) 
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NOTE See Tables A 2 and A 3 for keys to components and subassemblies. 



Figure A.6 — Double-stage pipeline system with air compressor supply system 
(one air compressor source - two cylinder sources) 
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Figure A.14 — Double-stage pipeline system with air compressor supply system 
(three air compressor sources) 
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NOTE See Tables A 2 and A 3 for keys to components and subassemblies 



Figure A.I 5 — Double-stage pipeline system with air compressor supply system (three air compressor 
sources) — Alternative arrangement of reserve air compressor supply connection 
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Figure A.16 -— Single-stage pipeline system with proportioning supply system 
(one proportioning unit - two cylinder sources) 
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NOTE See Tables A 2 and A 3 for keys to components and subassemblies 

Figure A. 17 — Double-stage pipeline system with proportioning supply system 
(one proportioning unit - two cylinder sources) 
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NOTE See Tabtes A 2 and A 3 for keys to components and subassemblies. 



Figure A.18 — Double-stage pipeline system with proportioning supply system (one proportioning 
unit - two cylinder sources) — Alternative arrangement of secondary and reserve supply connection 
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Figure A.27 — Vacuum pipeline system (three vacuum sources) 
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fJOTE Se 



jre A. 28 — Area distribution system for single-stage pipeline distribution system 
(with no additional pressure regulators) 
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Figure A.29 — Area distribution system for double-stage pipeline distribution system 
with two parallel line pressure regulators 
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Figure A.30 — Area distribution system for double-stage pipeline distribution system 
Additional cylinder with pressure regulator permanently connected to pipeline 
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Annex B 

(informative) 



Guidelines for location of cylinder manifolds, cylinder storage areas and 
stationary vessels for cryogenic or non-cryogenic liquids 



B.I Location of cylinder manifolds 



A supply system with cylinders should be installed in a well-ventilated and fire-resistant room that is specially 
constructed or suitably modified Alternatively, it can be Installed in the open air under cover, protected from 
the weather and the area fenced to prevent access by unauthonzed persons. 
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C.3.2.2.2 Depressunze the pipe'me system downbtrea^ of eacr r-'fa 'shut cJi vH've to 100 kPa by opening 
a terminal unit Close tfie terminal unit 

C. 3.2.2.3 ChecK that the pressure increase does not exceed 5 kPa after 1 5 niid 

C. 3. 2.2.4 Note the total number and the locatiori of terminal units controlled by each area shut-off valve and 
check that these terminal units are correctly latjelled 

C.3.2.3 Test results 
Record the results on Form D 7. 

C.3.3 Test for cross-connection (see 12 6 3) 

C.3.3.1 General 

In no circumstances should this test be carried out by pressurizing more than one pipeline system at a time 
All pipeline systems should be at atmospheric pressure and all shut-off valves open A single test gas source 
should be used and connected to only one pipeline system at a time That pipeline system should be kept at 
nominal distribution pressure throughout the test in the case of the vacuum pipeline system, the vacuum 
supply system should be used This test should be applied to all terminal units 

C.3.3.2 Example of procedure 

C.3.3.2.1 Pressurize (or evacuate) the pipeline system to be tested to nominal distnbution pressure, 

C.3.3. 2. 2 Check that gas flows through every terminal unit of the pipeline system under test 

C.3.3. 2.3 Check that there is no gas flow from any terminal unit of any other p petme system ^tien opened 
with a gas-specific probe and that there are, therefore, no cross-connections 

C. 3.3.2.4 With all the other pipeline systems at atmospheric pressure, repeat the procedure in C 3 3 2 1 
through C.3 3 2.3 on each pipeline system in turn, including vacuum, preferably at or>e session 

C.3.3. 2. 5 Repeat the test in full if any modifications are made to the pipeline systems dunng the 
commissioning procedure 

C.3.3.3 Test results 

Record the results on Form D 8. 

C.3.4 Test for obstruction and flow (see 12 6 4) 

C.3.4.1 General 

These tests can be carried out at the same time as the cross-connection test described in C 3 3 In this case, 
only one pipeline system at a time is under pressure Alternatively, after completion of the tests given in C 3 3, 
all pipeline systems can be pressurized at nominal distnbution pressure and the tests descnbed in C 3 5 and 
0.3 6 carried out simultaneously. 

C.3.4.2 Example of procedure 

Insert a gas-specific test probe with pressure gauge and flow-measunng device into each terminal unit in turn 
Check that the pressure change between zero flow and the specified test flow at each terminal urnt does not 
exceed the value given in Table 4 
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C.3.4.3 Test results 

Record the results on Forms D 9 and D.10. 

C.3.6 Check of terminal units and NIST or DISS connectors for mechanical function, gas 
specificity and identification (see 12 6.5) 

C.3.S.1 General 

All temninal units should be complete with fascia plate. 

These tests can be earned out at the same time as the cross-connection test described in C.3.3. In this case, 
only one pipeline system at a time is under pressure. Alternatively, after completion of the tests given in C.3.3 
all pipeline systems can be pressurized at nominal distribution pressure and the tests described in C.3.5 and 
C.3.6 carried out simultaneously. 

C.3.S.2 Example of procedure 

C.3.S.2.1 Check that the gas-specific prot>e can be easily inserted, captured and released. If an anti-swivel 
device is provided, check that this retains the probe in the correct orientation. 

C.3.5.2.2 Check that no gas is released at any terminal unit by insertion of the probes of any other gases 
and that t\o probes for other gases can be captured. 

C.3.5 2.3 Check that all NiST or DISS connectors accept the appropriate nipples and that a mechanical 
connection is made. Check that the NIST or DISS nipples for all other gases do not fit the connectors under 
test. 

C.3.S.2.4 Check that all terminal units are identified and labelled correctly and meet the requirements 
specified in 12.6.5 

C.3.5.3 Test results 

Record the results on Forms D.9 and D.10 

C.3.6 Tests of system performance (see 12.6.6) 

C.3.6. 1 G^ersl 

These tests should be can^ied out on one system at a time. All shut-off valves should be open. Connect a 
supply of test gas of sufficient capacity to deliver the system design flow for several minutes at the inlet to the 
pipeline distribution system The vacuum supply system should be used to test the vacuum pipeline system. 

C.3.S.2 Example of procedure 

C.3.6.2.1 Press jrize or evacuate the pipeline to a pressure not greater than the maximum distribution 
pressure or vacuum. Record the pressure 

C.3.6.2.2 Insert probes into selected terminal units throughout the pipeline under test to provide a total flow 
equal to the system design flow. Each probe shall be equipped with a calibrated orifice, 

C.3.6.2.3 Observe and record the gauge pressure at the specified flow at selected terminal units throughout 
the pipeline system. The selected tenninal units should be remote from the supply system (e g. at the end of 
each t>ranch) 

C.3.6.2.4 Check that the pressure at each of the selected terminal units is within the limits given in 7 2 2 
72 3and724 
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C.3.6.2.S Depressurize the system and repeat the test for each service. 
C.3.6.3 Test results 

Record the results on Form D. 1 1 , 

C.3.7 Checks of system performance by verification of calculation (see 12.6.6) 

C.3.7.1 General 

A check of system performance by verification of calculations is considered an alternative means to shov* 
compliance to the requirements given in Table 2, 7.2.2, 7.2.3 and 7 2.4. 

C.3.7.2 Check results 

Record the check results on Fonn D 11. 

C.3.8 Test of pressure-relief valves (see 12.6.7) 

C.3.8.1 General 

If type-tested and certified pressure-relief valves are installed, tests of relief valve function are not required, 
provided that the requirements of 7.2.5 and 7.2 6 are met. 

If the pressure-relief valves fitted are not type-tested and certified, their performance should t>e verified 
according to the procedure given in C.3.8. 2. 

C.3.8.2 Example of procedure 

C.3.8.2.1 Inspect each pressure-relief valve to check the discharge capacity and the set pressure 

C.3.8.2.2 Inspect the certification supplied with each pressure-relief valve 

C.3.8.2.3 Inspect the installation of the pressure-relief valves to venfy that they are correctly vented 

C.3.8. 2.4 Isolate a section of pipeline in which the pressure-relief valve to l>e tested is located 

C.3.8.2.5 Gradually increase the pressure in this section of the pipeline and note the pressure at which the 
pressure-relief valve opens and the pressure at which it allows maximum discharge 

C.3.8.2.6 Gradually reduce the pressure to that normally present in the section under test and note the 
value at which the pressure-relief valve reseats and is gas-tight 

C.3.8.2.7 Verify that the pressure at which the pressure-relief valve operates permits the system to meet 
the requirements of 7 2 5 or 7 2 6 as appropnate 

C.3.8.3 Test results 

Record the results on Form D 12 
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C.3.9 Tests on sources of supply (see 12 6.8) 
C. 3.9.1 General 

All sources of supply should be installed and connected to normal and emergency electrical power supplies, 
as required Specific checklists for each supply system should have been prepared to meet the requirements 
of Clause 5 and the manufacturer's specifications 

C.3.9. 2 Example of procedure 

Test all components for leakage Test ar compressor systems for leaks during normal operation. Minor leaks 
detectable as bubbles are acceptable Check tne function and operating parameters of each supply system 
from the checklist Check that the supply system operates on the emergency power supply. Verify that the test 
results conform to the manufacturer s specifications and the requirements of Clause 5. Verify that the system 
design flow requirements are met 

C.3.9.3 Test results 

Record the results on Form D 13 

C.3.10 Tests of monitoring and alarm systems (see 12.6.9) 
C.3.10.1 General 

These tests should be carried out for one function at a time, on one system at a time. AH alarm systems 

should tie fully installed and in operation 

C.3.10 2 Example of procedure 

C. 3.10.2.1 Check that all alarms are activated with an appropnate change in the local system condition (for 
example pressure moisture content liquid level and system change-over) Record the settmqs at which alarm 
sensors switch on and off 

C.3.10.2.2 Observe all alarm (unctions, including visual and auditory signals, resetting of the auditorv siqnals 
and lamp est Check that the visual and auditory charactenstics of all signals are m accordance with Clause 6 
If applicable 

?^'^yi ^H^"'^ '?',^" T""°'' ^"' ''^"^^ °P^'^'^ ^'^ "'^ appropnate changes in pipeline system 

conditions and operate from the normal and emergency eiectncal power supplies. 

C.3.10.2.4 Ver;fy that all monitors and alarms comply with the requirements of Clause 6 

0.3. 10.3 Test results 

Record the results on Form D 14 1 and Form D 14 2 

C.3.11 Test for particulate contamination (see 12 6 10) 

C.3.11.1 General 

The compressed medica. gas pipeline systenns should be at nominal distribution pressure and filled with test 
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Annex D 

(informative) 

Typical forms for certification of the medical gas pipeline system 



The forms given in this annex are to be completed during testing and commissioning of pipeline systems for 
compressed medical gases and vacuum in accordance with Annex C 



75 



IS/ISO 7396-1 : 2007 



Form D 1 1 - Summary of tests of requirements of 12.3 and 12.4 [Items a) through j)], I.e. up to 

and Including 12.6.10 (see 12.7.1) 



Healthcare facility _ 



Area identification . 



This is to certify that the following tests and procedures have been canied out satisfactorily on the medical 
gases and vacuum pipeline systems at healthcare faaltty. 









(Sheet of 


sheets) 


Form 


Description of tests and procedures 


Test required 

Yes/No 


Procedure 


Specification 


Date of 

completion of 

tests and 

procedures 


D.2 


Marking and supports 




C.2.1 


1251 




D.3 


Design specification 




C.22 


12.5.2 




D.4.1 


Mechanical integrity of vacuum pipeline 
systems 




C.3.1.1 


12.6.1.1 




D.4.2 


Leakage into vacuum pipeline systems 




C.3.1.2 


12.6.1.2 




D.5.1 


Mechanical integrity of compressed 
medical gas pipeline systems 




0313 


12.6.1.3 




D.5.2 


Leakage from compressed medical gas 
pipeline systems (upstream sections) 




C.3.1.4or 
C.3.1.6 


12.6.1.4 or 
12.6.1.6 




D.5.3 


Leakage from compressed medical gas 
pipeline systems (downstream sections) 




C. 3. 1.4 or 
C.3.1.6 


12.6 14 or 
12.6.1.6 




D.6.1 


Combined leakage and mechanical 
integrity of compressed medical gas 
pipeline systems (before concealment) 




C.3.1.5 


12.6.1.5 




D.6.2 


Comt>ined leakage and mechanical 
integrity of compressed medical gas 
pipeline systems (after concealment) 




C-3.1.6 


12.6.1.6 




D.7 


Area shut-off valve leakage, closure, 
zoning and identification 




C.3.2 


12.6.2 




0.8 


Cross-connection 




C.3.3 


12.6.3 




D.9 


Terminal units: obstruction and flow, 
mechanical function, identification, gas 
specificity 




C3.4 
C.3.5 


12.6.4 
12.6.5 




0.1 


NIST or DISS connectors: obstruction 
and flow, mechanical function, 
identification, gas specificity 




C.3.4 
C.3.5 


12.6.4 
12.6.5 




0.11 


System perfomnance 




C36 
C.3.7 


12.6.6 




0.12 


Pressure-relief valves 




C.3.8 


12.6.7 




0.13 


Sources of supply 




C.3.9 


126.8 




D.14.1 


Emergency clinical and operating alamis 




C.3.10 


12.6.9 




0.14.2 


Operating alarms 




C3,10 


12.6 9 




0.15 


Particulate contamination 




C.3.11 


12.6.10 





Manufacturer's Representative 

Position__ 

Date 



Signature_ 

Name 



Authorized Person 

Position^ 

Date 



. Signature 

Name 
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Forni D.1.2 — Summary of tests of requirements of 12.6.11 to 12.6.16 (see 12.7.1) 



Healthcare facility. 



Area identification 



This is to certify that the following tests and procedures have l)een carried out satisfactorily on the medical 
gases and vacuum pipeline systems at hiealthcare facility. 



(Sheet of. 



sheets) 



Form 


Description of tests and procedures 


Test required 

Yes/No 


Procedure 


Specification 


Date of 

completion of 

tests and 

procedures 


D.16 


Quality of medical air produced by 
supply systems with air compressor(s) 




C3.12 


12.6.11 




D.17 


Quality of air for driving surgical tools 
produced by supply systems with air 
compressor{s) 




C.312 


126.12 




0.18 


Quality of medical air produced by 
supply systems with proportioning unit(s) 




C3.13 


12613 




D.19 


Quality of oxygen-enriched air produced 
by supply systems with oxygen 
concentrator(s) 




C.314 


12.6.14 




D.20 


Filling with specific gas 




C.3.15 


126.15 




D.21.1 


Gas identity with oxygen analyser 




C316 


12616 




D.21.2 


Gas identity with different pressures 




C.316 


126.16 




D.21.3 


Gas identity with gas-specific analyser 




C.316 


12.6.16 






Construction labels removed 











Manufacturer's Representative 

Position 

Date . 



Signature 
Name 




Signature 
Name 
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Form D.2 — Inspection of pipeline markings and supports 



Healthcare facility. 



Area identification 



(Sheet of sheets) 

This IS to certify that pipeline marking and supports have been inspected before concealment. 





>^"' •- 



■ ^ I 



r^lHt 
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Form D.5.2 — Tests for leakage from compressed medical gas pipeline systems — Test for leakage on 
portion(8) upstream of area shut-off valves (or line pressure regulators) 



Healthcare facility_ 



Area identification 



(Sheet 



of 



sheets) 



This is to certify that a leakage test was carried out on the pipeline system(s) Dunng the test, the pressures 
shown below were measured. 



Medical 
gas 


Portion 

upstream of area 

shut-off valve 


Test 
pressure 

kPa 


Test 
period 

h 


Pressure 
drop 

-V 
kPa 


Initial 
temp. 

°C 


Final 
temp. 

X 


Pressure 

change due 

to temp. 

kPa 


Pass/Fail 

,V -< 0,025 %/h 



















































































































































Measuring (nstrument(s) used _ 



Manufacturer's Representative 

Position - 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Form D.5 3 — Tests for leakage from compressed medical gas pipsiin* systems — Test for leakage on 
portlon(s) downstream of area shut-off valves (or llns prsssurs regulators) 



Healthcare facility _ 



Area kjentificatnn 



COMPLETE INSTALLATION 



(Sheet. 



of sheets) 



This is to certify that a leakage test was carried out on the piped system. During the test, the pressures shown 
below were observed 



Medical 
ga* 


Portion 

downttraam of 

area thut-off vaiv« 


Test 
pressure 

kPa 


Test 
period 

h 


Pressure 
drop 

Ap 
kPa 


Initial 
temp. 

•c 


Final 

•c 


Pressure 

change due 

to temp. 

kPa 


Pass/Fail 

&p « 0,4 %/h 
or < 0,6 %/h ■ 


















































































































































» Check mat m eact\ secfion downstream of each area shotHJff valve <or Kne pietaure ra(julatOf), the pressure drop does not exceed 
0.4 %* of the initial lest p«essure in sections not mcJuding nexMe hoses in medical supply units or 0.6 %/hr of the Initial test pressure In 
sections induding flexitte hoses in medical supply units. 



Measuring instrument(s) used 



Manufacturer's Representative 

Position 

Date 



Signature. 
Name 



Authorized Person 

Position 

Date 



Signature, 
Name 
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Form D.6.1 — ComMiMd tasts for iMkag* and machanlcal Nitogrlty of comprwswl 

madical gat pipalin* aystama 

This is to certify that a mechanical integrity teat was canried out before concaaiment on tfte medical gas 
pipeline sy8tem(s). 



Itodical0a« 


OVCoOn VMMI 


TaatprasMira 
kPa 


TaatpMtod 

min 


Pna^FaH 











































This is to certify that a lealoge test was carried out before concealment on the medical gas pipeline system (s) 
During the test, the pressures shown below were measured. 



Medical 
gas 


SMtlon 
tMted 


TMt 

prassura 

kPa 


Test 
psriod 

h 


Prassura 
drop 

kPa 


Initial 
tsmp. 

•c 


Final 

tSfflp. 

•c 


Prassura 

Changs dua 

to tamp. 

kPa 


Pass/Fail 

Ap < 0,026 %/h 

































































































































Measuring instrument(s) used. 



Manufacturer'a Representative 

Position 

Date 



Signature 
Name 



Authorized Peraon 

Position 

Date 



Sigrfature 
Name 
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Fofin D.6.2 — Combined tests for leakage and mechanical integrity of compressed 

medical gas pipeline systems 



Healthcare facility. 



Area identification 



COMPLETE INSTALLATION 



(Sheet of sheets) 



This is to certify that a mechanical integrity test was earned out after concealment on the medical gas pipeline 
system(s). 



Medical gas 


Section tested 


Test pressure 

kPa 


Test period 

min 


Pass/Fall 











































For the tests for leakage, use Form D.5.2 and Form D.S.3. 



Measuring instrument(s) used 



Manufacturer's Representative 

Position 

Date 



Signature, 
Name 



Authorized Person 

Position 

Date 



Signature, 
Name 
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Form D.11 — Tests or chtcks of system psrformancs 



Healthcare facility_ 



Ares identification 



COMPLETE INSTALLATION 

This is to certify that the 

System design flowrate 



(Sheet of. 



sheets) 



Terminal unit test flowrate 



Nominal distribution pressure 



Minimum distribution pressure allowed 
Maximum distribution pressure allowed 



pipeline was tested as follows: 
l/min 
l/min 
kPa 

kPa 

kPa 



Room identification 


Tcmiinal unit 
idMtification 


Specifications met 

Pa&s/Fail 













































Measuring instrument(s) used . 



Manufacturer's Representative 

Position 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Fonn D.1 2 — Tests of pressure-relief valves 



Healthcare facility. 



Area identification 



COMPLETE INSTALLATION 



(Sheet of . 



sheets) 



This is to certify that the pressure-relief valves fitted to the pipeline system have been inspected/tested (delete 
as appropriate) as follows; 



Medical gas 


Pressure- 
relief valve 
identification 


Location 


Full discharge 
capacity 

l/min 


Full discharge 
pressure 

kPa 


Correct 
venting 

Yes/No 


Reseating 
pressure 

kPa 





































































































Measuring instrument(s) used . 



Manufacturer's Representative 

Position 

Date 



Signature, 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Healthcare facility_ 



Form D.13 — Tests of all sources of supply 



Area identification 



COMPLETE INSTALLATION (Sheet of . 

This is to certify that the following sources of supply have been inspected/tested. 



sheets, 



Source of supply 


Operating 

condition 

specification 


Pass/Fail 


Emergency 

condition 

specification 


Pass/Fail 


Manifold 










Manifold 










Manifold 










Manifold 










Manifold 










Cryogenic oxygen 
system 










Air compressor 
system 










Proportioning 
system 










Oxygen 

concentrator 

system 










Vacuum system 











Manufacturer's Representative 

Position 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Form D.14.1 — Tests of emergency clinical and operating alarms 



Healthcare facility _ 



Area identification 



COMPLETE INSTALLATION (Sheet of Sheets) 

This IS to certify that the monitoring and alarm systems have been tested and comply with the specifications. 



Function tested 


Oxygen 


Nitrous 
oxide 


Vacuum 


Medical 
air 


Air for 

driving 

surgical 

tools 


Carbon 
dioxide 


Oxygen- 
enriched 
air 


Nitrogen 

for driving 

surgical 

tools 


Oxygen/ 

nitrous 

oxide 

mixture 


Specified alarm 
maximum pressure 




















Observed alarm 
majimum pressure 




















Return to normal from 
maximum pressure 




















Specified alarm 
minimum pressure 




















Observed alarm 
minimum pressure 




















Return to normal from 
minimum pressure 




















Marking 




















Visual characteristics 




















Auditory 
cnaracleristics 




















All visual and audible 
Signal functions 




















Connection to 
emergency power 
supply 





















Measuring instrument(s) used . 



Manufacturer's Representative 

Position 

Date 



Signature, 
Name 



Authorized Person 

Position 

Date 



Signature, 
Name 
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Fonn D.18 — Tests of the quality of msdical air produced by supply systems with proportlontng 

unit(s) 



Healthcare facility. 



Area identification 



COMPLETE INSTALLATION 



(Sheet of 



sheets) 



This is to certify ttiat the medical air produced by the supply system with proportionir>g unit(s) has t>een tested 
before filling the pipeline and complies with the requirements of 5 5 3 1 as follows 



Oxygen concentration 

? 19.95% 
« 23,63 % 


Water vapour content 
$ 67 ml/m' 







Measuring instrument(s) used 



Manufacturer's Representative 

Position 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Paim It - fmm «* »• «MMy »# o«Tf»»«.««rtc»»«» •» produced t>y tuppty tysum* 



H»i(rtfv;iin» ^KiWy *^** «3emjftc*?xx^ 



fhMi m 10 enrsf^ »m« Tm qwa^y c# oaygwrk- •««?■>•« a«' lucipMd By the S'^'P'y system with oxygen 

iOfH:«»*iKw«»i »*» D«iN(fi miami •ccortiw^ to sSO 10^3 otitwt w^ig m« pipehnes 



CHiyffWi Cm^am caffcon .■>...*.«. PwUcuttii Hydrocarbon ^ Walif vapour 

<Ran«Mli v-»r»«i •o«a« eontuwmrton contamination j contant 



»C>'f ft«<3t»«»>«»«»» «3» »«y9an.«*«f«f!«»cl air jr« giMr' J' iSO '00*3 



Po««t!<:3f> &9VMuni 



**"*•<«>" __^^^ S«9rM«ura^„ 



i9e 



P«fmOJt 



Me^trcare iKMtf 



COMPlf Tt mSlAiiAlfOH 

This IS to C0n*y tnai tnt toiowiing frmOKM 9m pipKrwt tWM 



(STMwr ef 




MUnutactunK't R»pr*««AUtt«« 

PoMor* .. . 



%»grmj>v 



AuttiorUMI P*r»o«i 

PoM<on 

O0f 



^tgnfltuni 
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Fonti D.21.1 — Tests for gas identity using an oxygen analyser 



Healthcare facility. 



Area identification 



COMPLETE INSTALLATION (Sheet of sheets) 

This is to certify that the identity of the gas at a« temiinal units has been checked as follows: 



KMIcatQM 


% 


Measured O2 concentration 

% 


Medical air 


21 




Oxygen 


100 




Oxygen-nitrous oxide mixture 


(as specified) 




Oxygen-enriched air 


(in accordance \Nith specification) 




Air for driving surgical tools 


21 





Measuring instrument(s) used 



Manufacturer's Representative 

Position 

Date 



Signature. 
Name 



Authorized Person 

Position 

Date 



Signature. 
Name 
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Annex F 

(informative) 

Risk management checklist 



F.1 General 

Risk management should be earned out in accordance with ISO 14971 

This annex gives the recommended nsk management procedure and checklist used to identify the root causes 
and hazardous situations (i.e. cause of harm) related to defined safety objectives and appropnate nsk control 
measures for medical gas pipeline systems 

The risk management procedure and the nsk control checklist should be used by both the manufacturer (M) of 
the medical gas pipeline system and the healthcare facility (H) representative(s) during 

— design, installation, commissioning and operation of new medical gas pipeline systems, 

— ongoing operation and monitonng of existing medical gas pipeline systems 

F.2 Risk management procedure 

When managing the nsks associated with medical gas pipeline systems, it is first necessary to complete a nsk 
assessment of the overall system 

Having assessed the risks (i e the combination of seventy and probability of occurrence of the harm), the 
design should endeavour to mitigate the risks by using procedures in the following order of priority 

1) inherently safe design, 

2) protective measures in the medical device itself or in the manufacturing process, 

3) information for safety 

F.3 Risk management checklist 

Table F 1 " gives a list of typical safety objectives, root causes, hazardous situations and appropnate nsk 
control measures to mitigate the risk to acceptable levels It also identifies the organizations responsible for 
action 



1 ) In Table F 1 , MGPS means Medical Gas Pipeline System 
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Table F.I - 


- Risk management checklist 






Safety objective 


Root cause 


Hazardous situation 


Risk control measures 


Responsible 
organizations 




1) Continuity of 
supply 


a) Partial or compiete 
blockage of the pipeline 


Loss or reduction of supply 
to the patient or equipment 


Flow and pressure drop tests at every terminal unit before use 


M 




b) Loss of supply from the 
source of supply in 
operation 


System supplied from the 
reserve/emergency source 
if primary source fails 

Loss of supply to terminal 
units if all systems fail 


Ensure resen/e and emergency sources of supply are included in the design 
of the supply system 


H*M 




Ensure reserve and emergency sources of supply are included In the capacity 
and location of the supply sources 


H 




Stock management system established 


H 




Preventive maintenance system set up for each source of supply 


H 




Operational procedures established to supply cylinders for emergency 
situations to ensure continuity of supply 


H 




Procedures established to minimize use of gases in emergency situations 


H 




Routine testing of the reserve and emergency sources of supply to ensure 
that they will function when primary source of supply falls 


H 




Routine testing of the alarm system 


H 




Operational Management Document to address failure of supply 


H 



O 
O 



Table F.1 (continued) 



Safety objective 


Root cause 


Hazardous situation 


Risk control measures 


Responsible 
organizations 




c) Catastrophic failure of 
the pipeline 


Total loss of supply to 
terminal units 

Loss of supply to patient 
and/or equipment 


Design pipeline route to limit areas of high risic to the pipeline 


H+M 


Design pipeline routing to limit pipeline corrosion 


M 


Design supply systems to prevent mechanical damage 


H+M 


Support pipelines to provide adequate support/protection and to limit corrosion 


M 


Design components in direct contact with the pipelines to minimize electrolytic 
corrosion 


M 


Earthing of pipeline system to limit electrolytic corrosion 


M 


identify location of pipeline routes 

Use of mariners above pipeline to indicate presence of pipeline in underground 
ducts, etc. 


M 


Protect pipes in high risl" areas 


H 


Permit to worl< system 


H 


Location of the sources of supply relative to the usage areas 


H»M 


Emergency plans for areas with high-dependency patients 


H 


Use of emergency local sources of supply adjacent to the usage points 


H 


Use of emergency inlet points near area shut-off valves 


H 


Routine testing of the alarm system 


H 


Operational Management Document addresses issues of pipeline supply 
failure 


H 
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Tabic F.I (continued) 



Safety objacttva 


Root cauM 


Hazardous situation 


Risk control meaauras 


Responsible 
organizations 




d) Gas supplier 
difficulties 

(Force majeur, e.g. road 
traffic accident) 


Late delivery of liquid or 
cylinder gases 

Supplier unat>le to deliver 
product in an emergency 

Supplier with Insufficient 
stocks of cylinders or 
delivery tank too small 


Selectkxi of gas supplier using risk management principles 


H 


Appropnate sizing of the storage tank 


H+M 


Use of telemetry on storage tanks 


H 


Adequate stock management and reordering systems established 


H 


Adequate number of cylinders held on site 


H 


Appropnate location of cylinder storage areas 


H 


Personnel trained to change cylinders on manifolds 


H 


Emergency plan 


H 


Routine review of delivery planning 


H 




Routine review of the stock of the source of supply 


H 




Operational Management Document addresses issues of supply failure 


H 




e) Late ordering of liquid 
or cylinder gases 


Healthcare facility stock 
level management 
inadequate 


Routine review of the stock of the source of supply 


H 



Table F.I {continued) 



Safaty objcctiv* 




Hazardous situation 


Risk control measures 


Responsible 
organizations 




e) Incorrect design/ 
specification of 
sources of supply 


Failure of supply 

Inadequate supply to 
pipeline 


Provide usage information 


H 


Correct design and sizing of sources of supply based on usage information 
and supplier's capabilities/contractual arrangements 


M 


Design valklation in accordance with Clause 12 


M 


Commissioning cfiecks folkiwing installation 


H+M 


Operational Management Document addresses periodic ct>ecks of sources of 
supply installation, layout and access 


H 


Operational Management Document addresses periodic checks of usage to 
review ttw supply source capability 


H 




f) Leakage from 
pipework 


Potential fire risk 

Potent!^ rtsk of 
asphyxiatnn 

Potential risk of high 
COTKentratkjns of gases 

Potential inadequate/ 
reduced supply to terminal 
units 


Commissksning of the system 


H*M 


Operational Management Document addresses periodic checks for leakage 
fromMGPS 


H 


Operational Management Document addresses penodic maintenance of 
MGPS 


H 



I 



Table F.I (conf/nued) 



(0 

O 



s 



Safety objactlv* 



RootcaiM* 



Hazardous altuatlon 



Risk control maaauraa 



Ratponslbia 
organlzatlona 



3) Quality of 
gaa supplied to 
patlarrt 



a) Wrong specification 
supplied to ttw supply 

source 



Gas delivered or 
manufactured on site not 
complying with 
specification 

Gas supplied to the patient 
not to the correct 
specification 

Wrong cytinders/mobile 
cryogenic tanks 
supplied/connected to the 
manifold 

Gas supplied at the wrong 
pressure 



Certified product supplied by gas supplier 



Correct contractual arrangements with the gas supplier 



Checl( for correct connection of flexible connections to the manifold (gas- 
Specific connection where possible) 



Check that the correct labels are fitted to terminal outlets and area shut-off 
valves 



Check that the correct signs are fitted to manifold rooms, cryogenic tanks and 
medical gas cylinder stores 



Check that pipelines are marked for the correct gas 



Operational Management Document to identify the Pharmaclst/QC 
responsibilities 



Correct design of gas mixing/manufacturing pnscesses done on site 



Commissioning of gas mixing/manufacturing processes done on site 



Operational Management Document to identify correct maintenance of gas 
mixing/manufacturing processes run on site 



Operational Management Document to identify correct testing of gas 
mixed/manufactured on site 



Operational Management Document to specify the correct procedures for 
connecting supply source to manifold 



Operational Management Document to review quality requirements for gases 
supplied on site 



Operational Management document to specify that adaptors should not be 

used 



Operational Management document to specify that transfilling from a large 
cylinder into smaller one(s) should not be done and that cryogenic liquid 
transfilling should be done in accordance with the equipment manufacturer's 

instructions 



H+M 



H-t-M 



H+M 



H+M 



M 



H+M 



H+M 



Table F.1 {continued) 



Ssfaty objactiv* 


Root cauM 


Hazardous situation 


Risk control measures 


Responsible 
organizations 




b) Contamination of 
gases 


Gases contaminated by 
components not cieaned 
to an appropriate standard 

Cleaning agent left in 
component or pipelines 

Post-construction purging 
not complying witti 
specification 

Contamination from 
compressors/vacuum 
pumps/oxygen 
coTKentrators 


Correct procedures to achieve the correct level of cleanliness to ensure 
proper cleaning and purging 


M 


Correct testing procedures identified to demonstrate that conditioning systems 
are operating correctly 


H+M 


Commissioning of the MGPS to ensure the correct cleaning/purging standard 


H+M 


Operational Management Document to Identify correct cleaning procedures 
and testing requirements 


H 


Operational Management Document to identify correct maintenance of gas 
compressors/vacuum pumps 


H 


Operational Management Document to Identify correct testing procedures for 
possible contaminants in medical air 


H 


Correct proc«dure for validating cleanliness of components used within the 
MGPS 


H«^M 


Use components complying with the cleanliness requiremen'.s in this part of 
ISO 7396 

Correct location of intalte to air compressor(s) 


H*M 


Correct functioning of air punAcalion unit/sieve bed 


H 






i 



Table F.1 (continued) 



Safety objactiv* 


Root cau»« 


1 
Hazardous situation Risk control measures 

i 


Responsible 
organizations 






c) Excessive particulates 
in MGPS 


BlocKage of filters used on 
components of the system 
leading to reduced flow 

Failure of components 


Correct procedure and specification of the cleaning pipework and components 
1 and for checking filters after commissioning 


M 




i Correct testing procedures identified to demonstrate that fillers are not 
! blocked {and that there is not excessive particulate in system) 


M 




(regulators, etc.) 

Leakage of gas through 
components or 
connections 

Wrong functioning of air 
purification unit/sieve bed 


Operational Management Document to identify correct filter 
cleaning/replacement procedures and testing requirements for MGPS filters 


H 




Operational Management Document to identify correct filler 
cleaning/replacement procedures and testing requirements for medical device 
filters connected to the MGPS 


H 




Operational Management Document to identify correct maintenance of filters 


H 






d) Ignition/ 

decomposition of 
components used in 
the MGPS 


Toxic gases released into 
the gas stream 


Check that all components used are in compliance with ISO 15001 


M 




Operational Management Document to ensure that all replacement parts used 
on the MGPS are in compliance with ISO 15001 


H 






e) Backfeeding of gases 
within an MGPS 


Potential loss of supply to 
the patient 

Potential contamination of 
the supply source or the 
gas supplied to the patient 


Correct design of the MGPS to prevent backfeeding of gases 


M 






Commissioning checks to demonstrate performance of any backflow 
protection devices or differential pressure settings 


H+M 






Operational Management Document to identify correct testing and 
maintenance of backflow protection devices and differential pressure settings 


H 






f) Supply of the wrong 
medical gas 


Potential nsk of 
asphyxiation 


Operational Management Document to forbid the use of adaptors 


H 




Ensure that there is no back flow in medical devices connected to the MGPS 


H 






9) Cross-connections 
between MGPSs 


Contamination of the 
supply source or of the 
gas supplied to the patient 


Correct design of MGPS to prevent cross-connections 


M 




Commissioning of MGPS to demonstrate no cross-connections 


H+M 




Operational Management Document addresses control of cross-contamination 
when system is modified/extended 


H 
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G.3.4.6 The AP is responsible for assessing the competency of at! CPs and OPs ampioyod diredty t>y the 
engineering department. 

G.3.4.7 The AP is responsible for ensuring that work is earned out only by trained staff or by approved 
specialist contractors certified to ISO 13485 1^*! for regulatory purposes «k1 to ISO 9001:2000 l^'l for quality 
management purposes. The scope of the certification should be defined as design, installation, commissioning 
or maintenance of the MGPS, as appropriate. Evidence of current certification should be demonstrated by 
currently valid certification. 

G.3.4.8 The AP is responsible for coordinating the different instruction maruwls for each individual section 
of the MGPS to prepare an instruction manual to cover the complete system. 

6.3.4.9 The AP should be consulted prior to the purchase of any medical equipment that wiN be 
connected to the MGPS to ensure that the design specifications of the MGPS can still be met with the use of 
the new equipment. 

G.3.5 Competent Person (CP) 

G.3.S.1 The CP should have sufficient technical knowledge, training and experierK» to carry out his 
duties in a competent manner and understand fully the hazards involved with [he opwBtion of tt>e MGPS. The 
CP should be named on the register of competent persons maintairwd by the FEM. 

G.3.5.2 The CP is normally the maintenance person or installer who carries out any work on the MGPS A 
list of his responsibilities and duties is set out In G.5 4, 'Pemiit to work procedure*. 

G.3.5.3 The CP might be a member of a specialist contractor's staff or might be a menit)er of ttw 
healthcare facility's engineering department. Where the CP is a member of the engineering department, the 
AP is responsible for assessing the competency of the CP with respect to work on the MGPS. VWwre the CP 
Is a member of a contractor's staff, the contractor is responsible for assessing his competence and 
maintaining a register of CPs within his employment. 

G.3.6 Quality Controller (QC) 

G.3.6.1 The QC should be appointed in writing by the EM and should be responsible for the quality of tt>e 
medical gases distributed by the MGPS. The QC might be a pharmacist and shouM be a suitably qualified 
person and have specialist knowledge, training and experience of MGPSs. 

Where the QC's duties include canying out specific quality tests on the medical gases distritxjted by the 
MGPS, the tests should be in accordance vwth the documented procedures to ensure that they comply with 
the relevant specifications. 

G.3.6.2 The person designated as the QC (such as a pharmadst) is responsible for the quality control of 
the medicinal gases distributed by the MGPS at all terminal units and administered to pMients to ensure that 
they conform to the relevant pharmacopoeia specjfications Tt» AP will need to liaise with tt)e QC before an 
MGPS can be put into use for the first time or after any maintenance or modification to the MGPS to ensure 
that the medical gas is of the correct quality. 

G.3.6.3 The QC should have received adequate training to enable the verification of the quality of medical 
gas distributed by the MGPS prior to its being put into service. He shoukJ tfso be famiNar with the 
requirements of this annex. 

G.3.6.4 The QC should also be responsible for ensuring that the MGPS can contirHiously deUver mecttcat 
gas of the con-ect quality to all patients. This applies especially to me<Kcal air supplied by compressor systems 
or by proportioning systems and oxygen-enriched air produced by oxygen concentrator systems, where the 
gases are manufactured on site. It can be appropriate to include a medical product quality warning system 
within the pharmacy department. Regional or national regulations rela^ to those gases generated on site 
can exist. 
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G.3.7 Designated Medical Officer (OMO) 

G.3.7.1 The DM0 should act as the focal point for all communications b«Jwe«"^ J"9'?®«'i"9 
department and the specific clinical department related to the MGPS. The DMOs should be defined in the 
Operational Management Document 

G.3.7.2 The DM0 should advise the engineering department of any special requirements for his 
department relating to the MGPS. such as provision of emergency cylinders. 

G.3.7.3 The DMO is the medica) person who should be consulted on pipeline extensions and other 
modrficatjons to the MGPS. The DMO should be responsible for informing the AP of any significant changes in 
the usage of medical gases or the introduction of new clinical procedures which can affect the medical gas 
demand. 

G.3.8 Designated Nursing Officer (OMO) 

G.3.8.1 The DNO should act as the focal point for all commmications related to the MGPS between the 
engineering department and his own specified department or departments. There would ideally be a DNO in 
each department and they should be defined in ttie Operational Management Document. 

G.3.8.2 The DNO is the appointed person in each department with whom the AP liaises on any matters 
affecting tt)e MGPS and who should be responsible for giving pennission for a planned interruption to the 

SUf^. 

G.3.8.3 When tfie DNO gives permission for any interruption to the MGPS in a specified department or 
departments, he should sign the appropriate part of the 'Permit to Woric*. The Operational Management 
Document should dearty set out the requirements for such permission. 

The AP should describe to the DNO the extent to which the MGPS will be restricted or intentipted while any 
work is in progress and should in<ficate the level of hazard involved. The DNO should assist, as necessary, to 
ensure that service is maintained wtiilst the MGPS is disrupted. 

G.3.8.4 The DNO is responsible for ensuring that the relevant staff in the department are made aware of 
the ffiterruption to the MGPS and which terminal units cannot be used. 

G.3.8.5 The Operational Management Document should list the DNOs for each department and any 
arrangements for coverage during their absence. 

0.3.8.6 The DNO should carry out the appropriate action in the event of an emergency as detailed in the 
Oper^ional Management Document 

G.3.8.7 All DNOs should be trained in the use of the MGPSs relevant to their departments and on the 
action to be taken in the event of an emergency. 

The Operatwnal Management Document shouW set out these training requirements. 

G.3.9 Designated Person (DP) 



G.3.9.1 

particular operatx>ns 
etc) 



^^'TSJZc^^ !S^ '^^J^ *^'^ ^ 9~«" «« responsibility of canying out 
orations on the MGPS (e.g. changing cylinders on the MGPS manifold, testing alam, systems, 
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G.4 Operational Management Document 

G.4.1 The operational managemw^ requirements for operating the MGPS should be detailed in an 
Operational Management Document 

This annex can be used to develop an Operational Management Document. 

G.4.2 The Operational Management Document should include documented procedures for the foHowing 

a) control of documerrts and records; 

b) training and communication; 

c) emergency management; 

d) change management; 

e) permits to work; 

f) preventive maintenance; 

g) repair 

h) sources of supply management; 

i) cylinder storage and handling; 

j) medical equipment purchase; 

k) contractors management. 

NOTE Separate policies or procedures are sometimes prepared to supplement the Operational Management 
Document. 

G.4.3 The EM is responsitile for the overall Operational Management Document ar>d its implementation. 

G.4.4 The Operational Management Document should state the procedures to be followed and the 
personnel who need to be consulted before a new item of medical equipment is connected to the MGPS 
Special attention should t>e paid to changes of the supply system or to ttie introduction of an oxygen 
concentrator system for supplying gas to the MGPS. 

It Is especially important that set points on alarm systems be reviewed phor to using the system 

G.4.5 In some areas of the facility, medical gas equipment can t>e Installed within enclosures or t)ehind 
decorative panels In order to pnsvlde a more domestic environment In these cases, it is essential that 
identification is maintained so that staff are aware that equipment is availat>le for patient use 

Where gas blenders (mixers) are used, the manufacturer's instructions shoiM be followed with regard to 
operation and maintenance to prevent back feeding of one gas Into tt>e other pipeline in the event of 
equipment malfunction. 

NOTE Some older types of blending equipment can altow the t>ackfiow of g^ from one pipeline to »>othef, which 
can lead to oxygen enrichment of medical air systems, or reduction of the oxygen concentration in oxygen pipelines 



125 



IS/ISO 7396-1 : 2007 

G.5 Operational procedures 

G.5.1 Procedure for control of documents and records 

G.5.1 1 The Operational Management Documents should be controlled by the quality management 
system to ensure that the relevant and latest versions of applicable documents are available at the point of 
use 

The procedure should define the controls needed to 

— review and approve documents, 

— ensure that only the current versions of applicable documents are available at points of use. 

— prevent the unintended use of obsolete documents. 

G.S.1.2 All records of results of the activities carried out in accordance with the procedures in the 
Operational Management Document should t>e retained 

NOTE Subclauses 4 2 3 and 4 2 4 of ISO 13485 2CX)3 1^*1 give guidelines for control of documents and records. 

G.S.1.3 The EM is responsible for monitoring the Operational Management Document to ensure that it is 
t)eing properly implemented This should be carried out on a regular basis, and the procedure for such 
monitoring should be set out in the Operational Management Document. 

G.5.1.4 The responsibility for monitoring specific aspects should be delegated to the appropriate key 
personnel The details of such delegation should be set out in the Operational Management Document. 

G.5.2 Training and communication procedure 

G.5.2.1 All personnel involved in the administration and use of medical gases in the healthcare facility 
should have a sound general knowledge of the operational principles, basic design and functions of the MGPS 
They should be trained on those specifk: systems for which they will be responsitjie 

G.5.2.2 A training programme should be established for all staff responsible for the operation and use of 
the MGPS This shoukJ include any nursing staff All training should be recorded and reviewed regularly. 

G.5.2.3 All APs, DPS and CPs shouW have satisfactorily completed an appropriate training course before 
they are iqspotnted 

G.5.2.4 All APs. DPS or CPs should have sufficient experience, be familiar with their particular 
installations and have their competency assessed before they are appointed. 

^t^L '!^®^'"*"*^ ^ ^" '^^^ ^"^ ^' *'=*"*"« re-assessed at set intervals and attend a 
'® *^^ ^"^y S^ ^ '° '^ reassessment The recommendation for appointment or re- 

appcntment as an AP should be made by a FEM who has specialist knowledge of the MGPS. 

G.5.2.6 The QC slwuW receive specr^: training covering the responsibilities and duties which he will be 
S;;;:?cS^f^?r respect to the MGPS. I, can be appropriate for the QC to aZi ZlaZfS^l 

G.5.2.7 The metSc^ »kI nursmg staff who tise the MGPc; <:hn, m k^ i,---^ ■ «. 
training should include pr^Jc^ of ti^y^^Zl^^ ^^Tjn^:!^ °^'^ ^^'T "^^'^ 
ensur^that all staff have receded this trair^ prioTto^SS M^pf aV^"^ J'* ^*^ '^°"'^ 
arranged. ■» >- « lo using ine mgps and that refresher courses are 
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G.S.6 Preventive maintenance procedure 

G.5.6.1 All maintenance activities should t>e canied out in accofdance with the technical specrficatKMis 
supplied by the manufacturer(s) of the MGPS. 

G.5.6.2 A systematic approach to the preventive maintenance of a medical gas pipeline system is 
essential. This annex provides information that should be used v>4ien settir^ up a preventive maintenance 
programme, but does not include actual maintenance tasks or frequencies of maintenance 

G.5.6.3 MGPSs should be subjected to planned preventive maintenance and this should be the 
responsibility of the AP. 

G.5.6.4 All preventive maintenance worV carried out on the MGPS, wtiether or rxrt the supply is. or is 
likely to be, interrupted, should be carried out only under the instructions of the AP When unplanned 
maintenance work is necessary, it should be carried out only with the prior permissiwi of the AP 

G.5.6.5 The Operational Management Document should clearly set out the responsibilities and the 
procedures to be followed for all maintenance woric on ttie MGPS. 

G.5.6.6 A permit to work should be issued prior to any planned preventive maintenar>ce work t>eing 
carried out on an MGPS. This includes all examinations wttere no interruption to the service is anticipated 
Where unplanned emergency work is carried out, where it might not be practicat>le to raise a permit, tt>e work 
should be carried out under the direct supervision of the AP 

G.5.6.7 Inspection and maintenance work should be carried out by appropriat^y trained and qualified 
personnel. 

G.5.6.8 The AP should be responsible for monitoring the maintenance work, including any work carried 
out by contractors. It can be appropriate to arrange site meetings, when necessary, with the contractor's 
representatives to discuss progress. 

G.5.6.9 All maintenance work on the MGPS carried out by a contractor shoukl be covered by a formal 
contract. 

G.S.6.10 The contractor should be instnjcted in the healthcare facility's safety procedures and confirm that 
he will comply with the requirements at all times. 

G.5.6.1 1 All contractor's staff should report to the AP upon arrival on site and prior to leaving tt>e premises 
Contractors staff should not visit the location of supply plant and distribution equipment without prior 
permission of the AP. 

G.5.6.1 2 The contractor is responsible for ensuring that the staff working on any part of the MGPS are 
appropriately trained and qualified to can7 out the work. The healthcare facility shoukl not be required to test 
the competency of contractor's staff 

G.5.6.1 3 The preventive maintenance plan should include method statements for each specific task, the 
recommended frequency of tt>e task, and any records required to be maintained for each identified task. The 
method statement should be applicable to the actual plant and equipment installed on site and shoukj be in 
conformance with the manufacturer's instructions The preventive maintenance plan shouW also deftr>e wtw is 
responsible for the work. 

G.5.6.14 A maintenance log should be maintained for each plant item The maintenarKe log should be 
updated follovwng each planned maintenance job or following any non-planned work carried oU It can be 
appropriate to define the maintenance status on eadh plant item, providing the date the work was last c»Tied 
out and the date of the next planned service. 

G.5.6.1 5 In order to ensure that the maintenance service is being carried out in accordaiKe *wth ttie 
contract, the healthcare facility shouW monitor the work and ttw performance of the contractor. The AP shouM 
be responsible for the satisfactory Implementation of the maintenance con&act. 
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G.5 6 16 The AP should prepare an inspection checklist, to be carried out and documented daily, to 
demonstrate that the MGPS is fuV^t,oning correctly The checkHst should be based on the .nspecfon routines 
specified by the manufacturer 

G.5.6.17 The preventive maintenance plan should take into account the manufacturer's recommendations 
concerning service requirements and maintenance instructions. 

Particular attention shoukj be paid to 

a) ttie performance of the system and its components, 

b) leakage of gas, 

c) excessive v«ar of any components, 

d) ttie quality of the gas. 

A procedure for immediately reporting defective or suspect equipment to the AP should be established to 
allow its prompt repair or rerMacement 

G.S.6.18 Ttie healthcare facility should ensure that adequate spare parts are readily available, as 
recommended by the manufacturer(s). 

G.5.6.19 The manufacturer(s) of the MGPS should provide the healthcare facility complete as-built 
drawings of ttie MGPS, maintenance instructions for all components, associated circuit diagrams and any 
valve ctiarts. 

G.5.6.20 The frequerwy of maintenance of components in the preventive maintenance plan should be 
based on information detailed in the manuals for the equipment and components installed. Practical 
experience with equipment from different manufacturers, and information from plant history logs, might result 
in ttie need to vary some frequencies and tasks in particular installations 

6.S.6.21 In addition to ttie examination, tests and checks set out in the preventive maintenance plan, 
arrangements should be made for a general overhaul of all MGPSs in conjunction with the manufacturer's 
recommended frequefKy. 

G.5.$.22 The preventive maintenance plan should include functional testing of the backup supply systems 
and the alarm systems to ensure that they will operate when required. 

The maintenance tog should be reviewed regularly by the AP to identify any components or equipment that 
are requiring excessive attention caused by faulty design or by unsatisfactory conditions of any nature. 
Maintenance tasks and their frequency should be modified in line with the information detailed in the 
maintenance log. 

G.5.6.23 Equipment checklists shoukJ be prepared. Area shut-off valves and line pressure regulators 
should be referred to in the checkHst by a unique number which con-esponds with the valve tag number It is 
usually convenient to arrange these checklists in such a manner that a record can be made for each valve 
shovMing whether it has been examined, tested or checked in accordance with the preventive maintenance 
plan. 

G.5.6.24 Foflowing any maintenance activity, the appropriate tests in accordance vnth Clause 12 of this 
part of ISO 7396 should be carried out. 

G.5.6.26 Any instruments used in the maintenance and testing of any equipment associated with the 
MGPS shouW be calibrated against an appropriate standard and the results to^ associated with the 

^5.6.26 No section of the MGPS should be worked on or pressure tested unless it is adequately isolated 
from stfiy section in use or avaHable for use aucnuaieiy isoiaiea 
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Q.S.8.12 The use of telemetry systems fitted to the installation pannils txXh the healthcare faciity and the 
gas Supplier to monitor the stock levels, pennitting more efficient use of the operation^ ttock and allowing for 
a smaller reserve stock. 

G.5.8.13 The resen/e stock shouM t>e expressed as the numt>er of days of stock. When the daily demand 
increases, the required volume will grow, reducing the volume of operatkmal stock avwirtile 

G.5.8.14 The minimum level for reserve stock for the secondary supply shoukl be kMsed on the except)or\al 
circumstances when the primary supply system is not available for use. 

This secondary supply reserve stock level will depend on 

— the proximity of the supplier's distribution depot, 

— the time that the gas supplier needs to make a delivery under these cwiditions. 

— the delivery frequency that can be sustained when the primary supply is unavailal>le for use 

G.5.8.15 Under most conditions, compressed gas cylinders are the most appropriate method of providing a 
reserve source of supply. The preferable solution for the design of reserve systems is to install individual 
manifolds on each zone of the pipeline system, to provide for the additional protection against the possibility of 
a pipeline failure within the facility The positioning of these manifolds is very important to ensure that the 
critical supply and high-dependency areas defined in the risk management process have adequate stocks of 
medical gases available in the event of a MGPS failure. 

G.5.8.16 In critical care areas with high-dependency patients, the healthcare facility strauld consider the 
use of Individual cylinders to minimize any delay in maintaining gas supplies in an emergency Cylinders with 
integral valves or cylinders virith pressure regulators attached should be used for this purpose: the pressure 
regulator outlet should be gas-specific and connected to a low-pressure hose assembly. 

G.5.8.17 Where medical gases are manufactured or mixed on site, they are suttject to the same 
regulations or standards as for gases supplied by other sources. In particular, the principles of good 
manufacturing practices apply. 

G.5.8-18 Where supply systems for oxygen-enriched air are installed, me(£cal staff shoukj take into 
account the reduced oxygen concentration and be aware of possible increases in concentration if medical 
oxygen is used in the secondary and/or reserve supply system 

G.s.8.19 The functionality of the secondary and reserve soirees of supply should be tested usmg a defined 
procedure at regular intervals and the results documented in the maintenarice log Following ttie tests, the 
condition of the secondary and resale sources should be reviewed and additional supplies provided where 
appropriate. The test procedures should take into account the specifications defined by the manufacturer and 
approved by the AP 

G.5.8.20 The alann system on the medical gas supply systems should be tested at regular intervals 
according to a defined procedure and the results documented in the maintenance log The test procedures for 
the alarm system should take into account the specifications defined by ttw manufacturer and approved by the 

AP. 

G.5.9 Cylinder storage and handling procedures 

G.5.9.1 The cylinder storage and handling procedures shoukl cover the operatkxiat aspects of all meckcai 
gas cylinders used within the healthcare facility, including the requirements for storage, handling and general 
safety 

G.S.9.2 Wanagement of medical gas cylinders within the heatttware facility shoukl be the responsibility of 
the AP or the QC and defined in the Operational Management Document Only trained and approved persons 
should be permitted to handle and/or connect cylinders to the manifold 
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GS9 3 Medica) gas cylinders should be stored in a medical gas cylinder storage area, either in a 
designated storeroom which is part of the healthcare facility building or in a separate specially constructed 
cylinder storage building The area should be used exclusively for medical gas cylinder storage. These 
cylinder stores should be under cover, provided with adequate ventilation and should be protected from theft 
and unauthorized use. They should not be located in dose proximity to any installation which can present a 
fire risk or other hazard. Smoking and naked flames should be prohibited in the vicinity. Plant rooms 
containing medical gas cylinders should be kept kxked, writh a prominently displayed notice indicating the 
locatwn of the key. 

G.S.9.4 The use of adapters with medical gas cylinders is strongly discouraged due to the risk of 
administering the wrong gas to the patient. 

G.5.9.5 Due to the hazards related to filling high-pressure cylinders, the need to canry out the transfiHing 
procedures under good manufacturing practice conditions and the requirement to maintain traceability of all 
medicinal products, transfilling of mecfical gas cylinders is strongly discouraged. 

G.5.9.6 The cylinder storage areas should segregate medical and industrial gas cylinders. 

Medical gas cylinders should be stored so that there is segregation of full and empty cylinders and of cylinders 
of different gases. 

NOTE The requirefnents for separation requirements/distances between different types of gases are defined by local 
regulations or by industrial guidetines. 

G.5.9.7 Medical gas cylinders shouW be managed so that they are used on a first-in. first-out basis to 
ensure correct stock rotation. The tamper-evident seals fitted to the valve outlets should be retained until the 
cylinder is required for use. 

G.5.9.8 The AP shouW be aware of the hazards related to the storage, transport and use of gas cylinders 
The gas cylinder supplier is responsible for supplying the healthcare facility with adequate information on the 
safe use and handling of all cylinders. 

G.5.9.9 The requirements for storing medical gas cylinders apply to both the main cylinder storage areas 
and any in-use storage of cylinders m wards or in the vkanity of a manifoW connected to the MGPS, 

Sitkis ^""^ "^""'"^ *'^"* ^"^ "°"'^* ^^°"''' ^ "^ "^^^ appropriate and posted in prominent 

G.5.9.1 1 Cylinder stores should be located as close as possible to the delivery noint Wherever Dossible 
there shouW be only one delivery supply point for each site. Vehicle parking ot^rthrnfrioaSaS 
unloading cylinders, should not be permitted wtthin the delivery and storage area ^ 

^j;^j::rr:^t:Lr^':zT^ "" ^'"'^ "^ '"^^^^ ^^^^^^ - ^^^ ^»^ p- ^or ease of 

S^- u^'rth%S5h«LS ^yfp^SrS^^ *" ^^'r '^-^^ and 

handling and transporting medical gas cy)in<teS^ ^ ^ ^'^ ^^^'""^ equipment should be used for 

G.S.9.14 Cylinders and valves shouW be kept free from oil area«:«. anH «.i,«, ^ w -r.. 
outlet ShouW be inspected for evidence of oil grease andVttiS'X^ Lf T "^^"^ ^« '^'"'^^ ^^'^« 
or a pressure regulator Cylinders with evidence of contamiS^^l^ «'! ^'"^ collected to the manifold 
returned to the cylinder supplier. contaminated valve outlets should be labelled as such and 

G.5.9.1 5 Where proprietary leak detection fluids are used to detect leak^ h=h«^ «- 
the manifold, they should be used spanngly and any excess should be JSd SST ^® '^'"'^^' "^"^ ^"'^ 
use to avoid possible cwitamination Propnetarv leak det«*r« a.^ ^ otTvvith a clean damp cloth after 
cylinder valve outlets ^ ^ ^^^^^ ""«*s should not be used for leak testing 
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G.5.9.16 Excessive force should not be used when connecting a mamfoJd or a pressure regulator to the 
cylinder valve, as this can damage the vah/e outlet. If a leak is detected t)etwi«en the cylinder valve and the 
manifold or the pressure regulator, the manifold or the pressure regulator should toe depressurired and the 
cylinder removed. The fitted seal should be inspected and replaced if necesstfy. SealH>g of jointing 
compounds should never be used to cure a leak. 

G.5.9.17 The Operational Management Document shouW cover the control and removal of defective 
equipment to prevent them from being used with high-pressure cylinders. Faulty cylinders should be labeHed 
and retumed to the cylinder supplier 

G.5.9.18 Repairs to cylinder valves should not be earned out under any circumstar>ces. If a fault vwth the 
cylinder valve is suspected, the cylinder should t>e labelled as such and immediately returned to the cylinder 
supplier. 

G.5.9.19 Local regulations applying to general fire precautions related to the storage of high-pressure 
cylinders can exist. 

G.5.9.20 All medical equipment used with Ngh-pressure gas cylirxjers should be subject to planned 
preventive maintenance. Only equipment designed for use with tt^e specific gas should be used When the 
equipment is connected to a cylinder, the cylinder valve should initially be opened slowly and then opened 

fully. 

G.5.9.21 The number of cylinders in manifold rooms should be restricted to the minimum required for 
operational and reserve purposes Only cylinders of the gases required for correction to the manifold should 
be kept in the manifold room. The manifold room should not l)e used for any other purpose, although an 
exception can be made for storage of nitrous oxide/oxygen mixture cylinders on trolleys to permit temperature 
equilibration before use. 

G. 5.9.22 The main stocks of oxygen, nitrous oxide, medical compressed air arKi other medical gas 
cylinders should be stored in the designated cylinder storage area, protected from adverse weather cofKlitions 
No other materials should be kept in the cylinder storage area. 

G.S.10 Medical equipment purchase procedure 

G.5.10.1 The AP should be consulted prior to the purchase of any medical equipment vvhich will l>e 
connected to the MGPS. This is to ensure that the MGPS has sufficient capacity ar»d can deliver the required 
flows at the specified pressures It is particularly important that the AP be consulted beft)re any new 
equipment, such as a ventilator, is connected to the medical air system, to ensure ttwt the system capacity is 
not exceeded. 

G.5-10.2 The Operational Management Document should state the procedures to be folkiwed and the 
personnel who need to be consulted before a new item of medical equipment is connected to tt>e MGPS. 

G.5.11 Contractors management procedure 

G.5.11.1 The requirements for contractors are different, depending upon the activities to be earned out 
Requirements for maintenance and repair activities are lower than those for new pipeline systems, alterations 
or extensions, which include design, installation and testing 

G.5.11.2 All contractors should comply with the healthcare facility's safety policies This should be clearly 
stated in the Operational Management Document 

G.5.11.3 Work on MGPSs should only be carried out by trained staff or by specialist firms certified to 
ISO 13485 I'^l with scope of certification defiried as design, installation, commissioning and maintenance of 
MGPS as appropriate Evidence of current certification should be demonstrated by currently valid certrficates 

G 5.11.4 The Operational Management Document stKHJW set out the responsitJilities for nionitoring the 
work of contractors This should be co-ordinated by the AP The procedures for calling out a contractor, m the 
event of a single fault or an emergency, should be set out in the Operational Mar^agement Document 
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Annex H 

(informative) 

Rationale 



The numbenng of the following rationale corresponds to the numbering of the clauses in this part of ISO 7396. 
The numbenng is, therefore, not consecutive. 

H.1 In some countnes where bulk medical liquid oxygen is not readily available, oxygen concentrators can 
be used for supplying oxygen-enriched air to a medical gas pipeline system as a substitute for medical oxygen. 
As oxygen-enriched air is not covered by a pharmacopoeia monograph in all territories, regional or national 
regulations might prevent its use as a replacement for medical oxygen. 

Where oxygen concentrators are used, medical oxygen cylinders are often used as the secondary or reserve 
source to supply the pipeline system in the event of failure of the concentrator. As this could lead to significant 
variation in the charactenstics of the gas administered to the patient, consideration should he given to using 
dedicated terminal units and connectors wtiich are gas-specific for oxygen-enriched air. In addition, 
flow-metenng devices and gas mixers used should be specifically calibrated for the range of oxygen 
concentrations produced by the concentrator and adjustments made when medical oxygen is used. The 
healthcare facility should have a well-documented emergency plan to indicate the appropriate actions which 
should be taken when changing the source of supply to ensure that there is no risk to the patient. 

If an oxygen concentrator Is used to supply oxygen-enriched air to the medical gas pipeline system, the 
manufacturing process should be controlled by a suitable quality management system which is compliant with 
the principles of good manufacturing practice (GMP). It should be the responsibility of the healthcare facility 
pharmacist to ensure that the plant is operated correctly and that the quality of the gas is suitable for its 
intended use Where the plant is used for the filling of oxygen-enriched air cylinders for use as a secondary or 
reserve source or as free-standing cylinders, the process of filling should also be covered by the principles of 
GMP It can also be necessary to comply with other pressure system legislation to demonstrate that the 
cylinders are suitable for filling and that they are not subjected to conditions outside their design range. Batch 
records should be maintained to ensure there is traceability of the product. 

Experience vwth the use of oxygen concentrators supplying medical gas pipeline systems is increasing and, 
thersfore. it can be considered as a useful and safe alternative for oxygen in the future. The purpose of this 
pari of ISO 7396 is to specify the characteristics of the medical gas pipeline system suitable for use with 
oxygen-enriched air produced by oxygen concentrators complying with ISO 10083 where their use is 
permitted by regional or national regulations. 

The requirements for flow, pressure and storage capacity for compressed air used to pressurize hyperbaric 
chambers, to maintain the required internal environmental conditions and to drive other connected sewices 
(e g the fire extinguishing system) are different from those specified in this part of ISO 7396 for medical air 
and for air for dnving surgical tools 

H.4.1 A fault condition can remain undetected for a long period of time and, as a consequence can lead to 
a catastrophic event. Such a fault condition cannot be considered as a single fault condition SMcifiTrlsk 
control measures should be detemiined within the risk management process to deal with sSS"drtSs 



H.4.2 Evidence will be provided, for example, to a notified body during confomiltv assessment and uoon 
request to the competent authonty. Attention is drawn to ISO 14971 on risk m»^^»^^^!^T TV^ 
under development by ISOH-Q 210 on nsk evaluation and risk contro? '"^"^®'"«"* *^ to ^^ standards 

H.4.3.2 Components of the pipeline system for different aasM am nf»an ,«^^_ ^l... 

H.4.3.1, 4.3.2, 4.3.4. 4.3.5. 4.3.6. 4.3.8 evi<ience wJM be ofovided for «»flrt,.j- » .^ u 

conformity assessment and to the competent authority upon request ^^^^- ^ ^ ncMied body during 
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H.5.3.6 Ignition of polymer-lined high-pres$ure flexible hoses is known to have occurred m several 
countries (e.g. as a result of adiabatic compression). Decomposition of certain polymers can occur at 
temperatures vvhich can be produced by adiabatic compression The products of decomposition and 
combustion of some polymers are known to be extremely toxic The use of polymer-dned flexible hoses is 
therefore, not permitted. 

H.5.S.1.2 The devices and systems listed in 5 5.1 2 are not used to supply medical air to patients and might 
not be subject to the cleanliness requirements of medical gas pipeline systems Therefore, it is essential to 
prevent backflow to avoid contamination of the pipelines for medical air. 

H. 5.5.2.1 and 5.5.2.3 Experience from several countries over many years has shown that the specifications 
given in these clauses are adequate for medical air and for air for dnving surgical tools, provided that the 
supply system is properly maintained, A monograph on medical air has been published by the European 
Phamnacopoeia Commission (EPC) I^^l. 

H.5.8 Low temperatures can result in pressure loss in cylinders of nitrous oxide and carbon dioxide Low 
temperatures can also cause liquefaction of the nitrous oxide in cylinders of oxygen/mtrous oxide mixtures 
resulting in the supply of a gas mixture of incorrect composition High temperatures can result m high 
pressures and possible loss of gas from cylinders fitted with means of pressure relief High temperatures can 
cause malfunctioning of air compressors and vacuum pumps. 

H.6.2.3 Electrical power connections for the monitonng and alarm systems require a degree of separation 
from other electrical circuits. 

H.6.3.2.4 The maximum silencing period of 15 min is appropnate because equipment m critical areas such 
as patient monitors, life-support intensive care ventilators and anaesthetic workstations are themselves 
recycling high priority alarms at shorter intervals. 

H.6.6 In some countries, the sensors for emergency operating alarms are specified to be upstream of the 
supply shut-off valve, and in other countries, the sensors are specified to be downstream of the supply shut-off 
valve. The subcommittee heard persuasive arguments for both locations 

H.7.2.5, 7.2.6 Evidence will be provided, for example, to a notified body during confomnty assessment and 
to the competent authority upon request. Bursting discs are not permitted as a means of pressure relief since 
their operation can lead to complete loss of pressure in a pipeline 

H.7.4.1 Sut»clause 5.2.2 mandates continuity of supply to the terminal units in normal condition and m 
single fault condition. Two pennanently connected line pressure regulators will allow continuity of supply 
requirements to be met when one pressure regulator fails 

H.I 2.6.2 The reason for testing area shut-off valves is that these valves are required to close m an 
emergency. The equivalent tests of other shut-off valves are impractical 

H.I 2.6.7 Evidence will be provided, for example, to a notified body during confomiity assessment and to 
the competent authority upon request. 
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G.S.6.27 Before any planned preventive or unplanrted maintenance work is earned out on any medical 
equipment, including portable suction units, the equipment should be decontaminated, following approved 
procedures. 

G.5.6.28 The Operational Management Document should define the length of notice which should t>e given 
to the DMO and DNOs by the AP before interruption of the MGPS can be made wtien carrying out planned 
preventive maintenance. It might not be possible to provide the same notice for any emergency maintenance 
work carried out on the MGPS. 

G.5.7 Repair procedure 

G.5.7.1 The repair of any faulty component{s) on the MGPS should be carried out in accordance with the 
technical specifications supplied by the manufacturer(s) of the MGPS. 

G.5.7.2 All repair work on the MGPS should only be carried out under the instructions of the AP. whett>er 
or not the supply is, or Is likely to be. Interrupted. 

G.5.7.3 The Operational Management Document should clearly set out the responsibilities and 
procedures to be followed for all repair work on the MGPS. 

G.5.7.4 Repair work should be carried out by appropriately trained and qualified persormel. 

G.5.7.5 The AP should be responsible for monitoring the repair work, including any repairs carried out by 
contractors. 

G.5.7.6 All repair work on the MGPS which is carried out by a contractor shoukl be covered by a formal 
written con^ct. 

G.5.7.7 The contractor is responsible for ensuring that Ns staff working on any repairs are appropriately 
trained and qualified to carry out the work. The healthcare facility shoukJ not be required to test the 
competency of the contractor's staff. 

G.5.7.8 The results of any action taken to correct faults should be recorded in the maintenance log. 

6.5.7.9 Following any repair activity, the appropriate teste in accordance with Clause 12 of this part of 
ISO 7396 should be carried out and the results recorded in the maintenance log. 

G.5.7.10 Any instruments used in the repair and testing of any equipment associated with the MGPS 
should be calibrated against an appropriate standard and the results recorded in the maintenance log. 

G.5.7.1 1 No section of an MGPS should be worthed on or pressure tested unless it is adequately isolated 
from any section in use or available for use. This requirement shouW be specified In the permit to work 

G.5.7.1 2 The AP should report to the FEM any recurring equipment failure or evidence of excessive wear 
of equipment identified by the DP. The FEM shoukJ assess these obsen/ations and take the appropriate 
corrective actions. 

G.S.8 Supply sources management procedure 

G.5.8.1 The capacity of each supply source used to supply medical gases into the MGPS shoukl be 
based on the average demand for me healthcare facility, with allowances for any projected growth or 
reduction in demand over the next five years and any diversity factor, to take account of the varirtMlity of 
demand. 

5 8 2 The healthcare facility shouW work together with the mecfical gas supplier and the system 
mariufacturer to determine the appropriate location of each source of supply, using risk management 
principles and to ensure that it confomtis vwth the regwnal or national regulations y/Arere required. 
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G.5.8.3 For medical gases stored on site, the capacity of the supply source should "e ^viewed regularly 
to ensure that sufficient product is stored on site to maintain the supply of medical gas to the MGPb. wnere n 
IS determined that there is insufficient product stored on site, either the medical gas supplier should agree witn 
the healthcare facility to revise delivery frequencies to maintain the operational stock levels or the capacity of 
the storage system on site should be increased 

G.S.8.4 Any anticipated increase in demand due to hospital site developments, pipeline extensions or 
changes in clinical practice should be notified to the medical gas supplier to ensure that the changes do not 
jeopardize security of supply 

G.5.8.S The medical gas demand should be revievired and documented with the gas supplier at least 
annually (or after a significant extension to the pipeline causing increases in demand) to reassess the capacity 
of the installation As the demand grows, the storage volume requirements will increase. With the increased 
volume requirements for the reserve stock, the volume available for operational stock will be reduced. Having 
reviewed the average daily demand wtth the gas supplier, it can be necessary to either revise delivery 
frequencies to maintain the operational stock levels or to increase the capacity of the storage systems on site. 

G.5.8.6 Where available, historic gas consumption records should be reviewed to assess the current 
usage and the growth or reduction of the medical gas demand. Growth predictions should be based on any 
planned extensions to'the facility or pipeline systems and changes in clinical practices that could impact on 
the demand for medical gas. 

G.5.8.7 For new healthcare facilities, where no historic information is available, the estimated demand 
should be based on the proposed size and type of the facility and/or. in cases where the new facility is a 
replacement, the usage figures of the facilities being replaced. 

G.5.8.8 Where ttie secondary supply includes compressed gas cylinders, the size of the change-over 
manifold and the number of cylinders stored on site should be based on the gas supplier's ability to guarantee 
delivery within a defined period. 

G.5.8.9 There should be an adequate numtier of trained individuals available to ensure that cylinders can 
be changed over on the manifold quickly enough to meet the demand. 

G. 5.8.10 The delivery period for the primary supply should be based on the gas supplier's nomial delivery 
frequency The delivery period for the secondary supply should be based on emergency conditions when the 
primary supply is not available Under these circumstances, special delivery response times should be agreed 
upon by the gas supplier and should normally not be less than 24 h. 

G.5.8.11 The capacity of the primary and secondary supply source should be detennined by the risk 
management process and be specified as a number of days' stock. 

The risk assessment should consider the following issues: 

~ the estimated average daily demand at the end of the contract period. Any changes to the oredicted 
demand will need to be considered and changes made to the tank capacity or delivery freauencv at thP 
appropriate t,me within the contract penod It can be worthwhile to set a daily demand rate at wWch point 
changes to tank size or delivery frequency will be considered; ^ 

- the delivery frequency should take info account and review vehicle accew tn tho «♦«,.,„« . , .■ 

of the del,ver,es and any restrictions due to local planning requiremeSST ^ ' ^'"^ 

- the capabilities of the medical gas suppliers to provide a reliable supply; 

- tne type and dependency of the patients being treated in the healthcare facility; 

- the vanabiiity of the fac'.tys usage pattern, taking into account seasonal variation.; nr th. .whv , 
requirements for the facility's major incident plan; "<»uiidi variations or the additional 

- the use of telemetry to electror,>cally relay stock levels to the gas supplier or the healthcare facility. 
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G.5.2.8 The Operational Management Document should set out the means of communication twtween 
the various key personnel It should define which departments need to be informed of wortt being carried out 
on the MGPS, the personnel to be notified and whether such information should be given vertjally or in writing 

G.5.2.9 The actions to be taken in the event of a fault vwth the MGPS should t>e detailed in me 
Operational Management Document. There should be a clear means of reporting any faults to the FEM 

G.5.2.10 All staff wrtio are involved in the use, installatkw or maintenance of the MGPS shoukj t>e aware of 
the Operational Management Document and their specific responsiliilities v«thin it 

G.5.2.1 1 The Operational Management Document shouU detail the need to ensure that 

— all users are aware of the capacity and any particular limitations of the MGPS. 

— nursing and medical staff are aware of the purpose of alarm systems and Vhe action to be t^en in the 
event of an alarm being activated 

G.5.2.1 2 Staff responsible for the operation of the MGPS should be aware of 

— the activities necessary to ensure the continued safe operation of the system, 

— the actions to be taken in a single fault condition or in an emergency situation where the MGPS fails to 
deliver gases to the terminal units. 

NOTE Safety objectives and hazardous situations are given in Annex F. 

G.5.3 Emergency procedure 

G.5.3.1 The Operational Management Document shoidd set out the proceditfes to be followed in ttw 
event of an emergency. These should include: 

a) reporting of all incidents; 

b) action(s) to be taken, such as shutting off area shut-off valves, use of portable emergency cylinders, etc ; 

c) liaison wflth other staff and departments, 

d) calling out contractors. 

G.5.3.2 All national or local regulations relating to fire precautions should be complied with 

G.S.3.3 The emergency procedure set out in ttie Operational Management Document should be followed 

G.5.3.4 Where an incident is likely to cause an interruption to the supply or affect patient and personnel 
safety, the contractor responsible for dealing with the emergency affecting tfie MGPS shoukj specify either a 
maximum time, from the receipt of the initial call to wtwn the contractor is on site, or the need to provide 
adequate information for immediate action to be taken 

G.5.3.5 The Operational Management Document should include communication procedures to ensure 
that any emergency involving the MGPS is communicated immediately to ^1 clinical areas likely to be affected 
and to all staff involved in the maintenance of gas supplies and in remedial actions. 

G.5.3.6 Such communication procedures should include: 

— the nature of the emergency; 

— details of the gas consereation procedures to be applied; 

— likely duration of the emergency; 
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— remedial actions to be taken; 

— the need to record the details of any emergency incidents and related communications. 

G.5.3.7 Experienced persons in each area to co-ordinate and communicate actions should be nominated. 

G.5.3.8 Regional or national regulations relating to external communications of incidents should be 
complied with 

G.5.3.9 The DNO should be properly trained in the emergency procedures required to control the medical 
gases and the MGPS He should be fully familiar with the location of all area shut-off valves in the specific 
department(s). 

G.5.3.10 Emergency procedures should be initiated at least twice a year as an exercise, and any issues or 
need for retraining noted and followed up 

G.5.3.11 When the normal power supply is reinstated following a power supply failure, the responsible staff 
should ensure that all sources of supply are in a suitable condition for use. 

G.5.3.12 The engineering department should have accurate and up-to-date drawings of the MGPS 
showing main sections and branches, departments served, pressure regulators, isolation valves, terminal 
units and alarm systems for each medical gas service These drawings should be readily available on site and 
their location known by all APs 

G. 5.3.1 3 The Operational Management Document should specify the requirements for locking valves and 
medical gas plant rooms and the procedures for keeping the keys in a safe location. The emergency services 
should be informed of the location of all keys related to the MGPS. 

G.5.3.14 In the event of an emergency such as a fire or a major leak, a trained person should isolate the 
affected section by closing the emergency isolating valves or area shut-off valve. They should notify the AP 
and the appropriate DNO immediately 

G.5.3-15 On receiving notification of an emergency, the DNO in each clinical area should control the use of 
gas from the pipeline system(s) involved to the minimum level required vs/hilst maintaining patient safety. 

G.S.3.16 The Operational Management Document should describe the procedures necessary to manage 
the stocks of gas in the supply system to ensure that there is gas available for use in cases of emergency. 

G.5.3.17 The AP should check and ensure that designated trained staff bring into use emergency supplies 
when required Sufficient cylinders for use on emergency manifolds or cylinders held in storage for emergency 
use should be made available, following the appropnate procedures specified in the Operational Manaqement 
Document 

G.5.3.18 If necessary, additional supplies of gas shouW be ordered from suppliers or from other healthcare 
facilities to meet the expected duration of the emergency, follovwng the appropriate procedures specified in thP 
Operational Management Document ^ vuimic 

G.5.3.19 Any emergency repairs or actions should be carried out under the control of the AP and controlled 
by the use of a permit to work >-uiiuuiicu 

G.5.3.20 The cause of emergency failure of supply should be investigated immediately and the timescale^ 
ImmediaTer'^"'^ ^'"°"^ '""^ ^'^ appropnate, corrective actions to rectify the protJem Sed 

G.5.3.21 Other areas of the healthcare facility not initially affected might need to be iv>iatBrt .« ., 
repairs In these circumstances, communication and conservation procedures shnnw ho^lTT.^ "^ 
areas before shutting off the gas supply procedures should be instituted in these 

G.5.3.22 Actual emergency situations should be evaluated and appropriate actir^n tai,«n . ■ 
procedures and training to prevent a recurrence. Mpropnate action taken to improve 
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G.5.4 Permit to work procedure 

G.5.4.1 The permit to work procedure should be used to control all planned worv on the MGPS It is used 
to control the safe withdrawal of the t\^GPS from service and the manner in wvhich the work is canned out 
(including the parts of the system affected and the estimated time for completion) It should ensure that the 
correct procedures and the process for returning the MGPS to service are followed so that ttie gas supply 
meets the correct quality specification for patient use 

G.S.4.2 The purpose of the permit issued under the permit to work procedure is to 

— safeguard the continuity of supply of gas to the terminal units, 

— ensure the safety of the operator working in the vicinity of the MGPS. 

— ensure that the MGPS is returned to service in a safe condition, including all examinations where no 
interruption to the service is anticipated. 

Where the work does not Involve any planned actions that will affect the supply of medical gases (such as the 
inspection of tenninal units), the MGPS permit to work need not be used 

G.S.4.3 The permit to work procedure is applicable to all preventive maintenance, repairs, alterations or 
extensions to the existing MGPS, and any action which can affect the supply of the medical gas to the 
terminal units. 

G. 5.4.4 The AP should prepare the permit to work prior to commencing the work Using risk assessment. 
the AP should identify, from the MGPS drawings, the work to be done, the method statement, all necessary 
documentation and drawings and the means of isolation. 

G.5.4.5 The permit should always be issued to the relevant CPs who are to be engaged in wort< on the 
MGPS before any wori< is started 

G.5.4.6 Work should not be allowed to commence on the MGPS without the permission of the DM0 or 
DNO to allow the designated officers adequate time to make appropnate arrangements to supply medical 
gases to the patients or equipment, except in an emergency 

G.S.4.7 The permit should remain in force until the work is completed and the MGPS is put back into use. 
in accordance with the approved procedures The permit should remain in force for the time defined by the AP 
on the certificate or earlier if it has been signed off by the CP 

G.5.4.8 If the scope of the work covered by the permit changes, the permit should be cancelled and a 
new one issued. 

G.S.4.9 Procedures using permits for the authorization of wort( require the fullest cooperation of all staff 
and their acceptance of the responsibilities involved. The AP should take the lead in coordinating the work arnJ 
explaining fully the extent and duration of any disruption to the service and ensure that all contractors and 
nursing staff follow the procedures set out in the permit 

G.S.4.10 The engineering department is responsible for the correct operation of the permit to work 
procedure. The AP should be responsible for the implementation of the permit to work procedure but might 
delegate the responsibility of issuing permits to a CP. 

G.5.4.1 1 The AP should use risk management techniques to define the tests to be earned out prior to 
returning the MGPS back into service. The tests should be detailed on the pennit and the test results should 
be recorded and retained with the permit to work. The AP should auttionze the release of the MGPS to allow it 
to be put back into service. 

G.5.4.1 2 The permit should define the specific test requirements to be carried out prior to returning the 
MGPS into service and v^o should be required to witness the tests The personnel, the measunng 
instruments used, the components replaced and the problems ansing during the activities should be recorded 
on the permit. 
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G.5.4.13 The permit should have a unique reference number and be signed and dated by all relevant 
personnel. The permit to vwxK should be retained in a register for at least five years. 

G.5.4.14 The contractor should maintain a register of approved CPs. 

G.5.4.15 The AP shouW use risk management techniques to assess the hazard level for the vrork to be 
carried out on the MGPS at the time of preparing the permit and record it on the pennit. 

G.S.4.16 The AP is responsible for ensuring that the procedures to be used for isolating the MGPS and 
making it safe to vwrk on are detailed on the permit The CP is responsible for witnessing the isolation and for 
making the plant or system safe to be worked on. 

G.5.4.17 Once the CP has accepted a permit, he shouW be responsible for the safe conduct of the work, 
within the limits of the permit. The work will be subject to the superviskjn by the AP. The CP should be fully 
conversant with the terms and requirements of the permit and should give clear instnjctions to any persons 
working on the MGPS. 

G.5.4.18 Any errors iderrtified in the permits shouW be corrected and the con-ected text initialled by the CP. 

G.5.4.19 The CP stwukj sign the permit to certify that work has been completed and request the AP to 
examine and test the installation. 

G.5.4.20 The AP is responsible for ensuring that the work has been satisfactorily completed and should 
supervise the testing of valve tightrress, pressure, cross-connection, flowrate and delivery pressure, and of the 
alarm system, in accordance with the recommendations on the permit. 

G.5.4.21 On satisfactory completion of all tests, the AP should supervise the reconnection of the isolated 
system to ttie main system arxj purging of the MGPS with ttie specific gas. 

G.5.4.22 The AP should inform the DMO or DNO that the wort< is completed and that the MGPS is now 
available for use. 

G.5.4.23 The AP should remove any "Do Not Use' or other prohibition notices after completion of the wori< 
and ckssing of the permit to work The AP should retain the completed original permit. 

G.5.4.24 Where isolation of the MGPS is required, the preferred method of physical isolation is by means 
of a break point at the 'suppl/ end of the section of the pipeline to be worked on. This is not required where 
the work involves only the terminal units Where physical isolation is not practicable, a risk assessment should 
be carried out to ensure that the method of isolation provides adequate protection to the system that remains 
operation^ 

G.5.5 Change management procedure 

G.5.6.1 The change management procedure Is a procedure to manage any change process to the MGPS 
including alteratkjns and extensions It also covers related servk^s to ensure that all identified risks anri 
consequences have been addressed to ensure that patient safety and operator safety Is not compromised. 

G.5.S.2 Any work involving alterations and/or extensions of the MGPS shouW be subject to the chanoe 
management procedure, pnor to any woric being started This shouW include a risk assessment to VeJ^Tth! 
i?2S^ *^ "^"^ "^ "^ requirement to record any changes to the MGPS. including mcSifilTtrns to 

Once the alteration has been approved foHowing the chanoe manaoemwit nr~.«,t..,-v. «. 

procedure should be foltowed to ensure that the^GPS ^SSrS'^seiSL''""' '° ^ 
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Safety objcctiva 




Hazardous sttuation 


Risk control measures 


Responsible 
organizations 


4) System 
operation 


a) Incorrect operation or 
maintenance of tfM 
MGPS 


Wrong quality of gas/ 
vacuum supplied to the 
patient 

Failure of supply to the 
patient 


Define the conrect procedures In the Operational Management Document for 
each section/component of the MGPS 


H+M 


Define responsibilities for all associated staff/users of the MGPS 


H 


Define training requirements for all associated stafVusers of the MGPS 


H 


Ensure that all area shut-off valves, control panels and alami panels are 
located in an appropriate location and correctly labelled 


H+M 


Train all associated staff/users of the MGPS 


H 


Operational Management Document to specify the need to assess 
competency of all associated staff/users of the MGPS and specify the 
retraining requirements: recording of training 


H 


b) Insufficient resources 
to operate and 
manage the MGPS 


Wrong quality of gas/ 
vacuum supplied to the 
patient 

Failure of supply to patient 
or equipment 


Review the staffing requirements for safely operating the MGPS (in and out of 
nomn^ wortcing hours) 


H 


Operaliorual Management Document to specify the need to review manning 
requirements on a regular basts 


H 


c) Inappropriate action 
taken in the event of 
an emergefKy 
condition with tfw 
MGPS 


Wror>g quality of gas/ 
vacuum supplied to the 
patient 

Failure of supply to the 
patient 


Define the correct procedures for the operation of MGPS in an emergency 
condition 


H*M 


Define emergency training requirements for all associated staff/users of the 
MGPS 


H, 


Provide emergency training for all associated staff/users of the MGPS 


H 


Operational ManagerT>ent Document to specify ttie need to assess 
competernry of all associated staff/users tor emergency operation of the 
MGPS and to specify the retraining requirements; recording of training 


H 



I 
I 



<o 



IS/ISO 7396-1 : 2007 



Annex G 

(informative) 

Operational management 



G.I Introduction 

The guidafKe given in this annex represents the best operating management practice for the operation of the 
MGPS 2) avj should be followed, especially where it impacts on patient or staff safety and where extensions, 
mocSfications or upgrading of existing installations has occurred. 

The primary objective of this annex is to provide guidance for assigning responsibilities to ensure the provision 
of a safe and reliatite MGPS and its efficient operation and use, to maintain patient safety through continuity of 
supply. This objective will only be achieved if the medical and nursing users and estates staff participate in the 
introduction of an operational policy designed to minimize the risks resulting from misuse of the system. 

This annex looks at issues of operational management including statutory requirements, functional 
responsibilities, operatkmal procedures, trainirtg and communications, cylinders and other sources of supply 
management, preventive maintenance and repair and risk assessment, giving definitions and working 
practices throu^KXJt. 

It is intended for use by operattonal managers, engineers, quality controllers, technicians, finance officers and 
other profession's involved in the day-to-day njnning of an MGPS. One objective of this annex is to clarify the 
requrements of the operatkxial managemerrt system to the healthcare staff and to any contractors involved, 
prior to its initial use or after any modificatk)ns. 

The operationai mwiagement guidance given in this annex should be followed for all installations, including 
any extensions, modification or upgrading of the MGPS. 

The operation cA existing instalalions should be assessed for compliance with this part of ISO 7396 including 
this annex. A plan for upgrading existing systems should be prepared on the basis of risk management 
ensuing that patient safety is maintained throughout the process. Managers will need to liaise wnth medical 
coHeagues and take account of other published guklance in order to assess the system for technical 
shortcomings. 

6.2 Statutory rsqulrementB 

^•^^JLl'^ ""S!!!^ "^ ** !!!!1^*^ **"P^ °* P^^. general managers and chief 
executives to maun that their premises and the activities carried out within them comply withaHnaWonal and 
regional regulations, whfch shouM be listed in the Operatnnal Management DocurnenL 

NOTE In Europe, medicinal gases are covered by the fblo«flng relevant diiBctivBs: 

— EUDneciive 2001/83 EC (relating to metScinal products for human use): 

— Meclcal Device t)ii»ctivB 93/42 (concsfning the design and constnjctkm of meeScaldevtees) 

— EU Oiredive 2003/94 EC (detailmg the pmtifitea and gukMbies of ooori ,,,^,1.^..:^ 

mecSdnrt products and inve8tiB«iooalme(«analp«wluctsforlw^ regard to 



2) MGPS means M e d ic al Gas Pipeline System. 
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G.2.2 Medical gases are classified as medlctnal products under the pharmaceuticitf regulations and ar«. 
therefore, subject to the same procurement and quality procedures as all other medicinal products. The quality 
controller (QC) is responsible for quality control of all medidn^ products and iNs mdudes ntedical gases. 
including the manufacture of any medicinal gases on site. 

G.3 Functional responsibilities 

G.3.1 General 

This annex identifies the distinct functions that need to t>e exerdsed and the responsit>iiities thirt go wtth tttem. 
The titles given here are generic. They describe the incfividual's role bi corwtection wtth the M6PS, txJt ara not 
intended to be prescriptive job titles for terms of employmenL Indeed, some of the personnel referred to migN 
not be resident staff but people employed by outside t>odies arxi worlcirtg on contract. 

The following are the key personnel who have specific responsi)iWies within the m>eiation al po6cy: 

a) executive manager (EM); 

b) facilities engineering manager (FEM); 

c) authorized person (AP); 

d) competent person (CP); 

e) quality controller (QC); 

f) designated medical officer (DM0); 

g) designated nursing officer (DNO); 
h) designated person (DP). 



Some staff can have other responsibilities unconnected with the MGPS and in sonte caaea the same 
individual can take on more than one role. 

In all cases, however, it is essential to klentify an AP who is responstole for the day-to-day management of the 
MGPS and for seeing that the MGPS is operated safely and eflidently and who can decide w^wlher an MGPS 
should be taken into or out of senrice. 

The EM, FEM and AP can be responsible for more than orw MGPS on more than one site. 

In order to avoid confusion with other authorized persons, the key personnel nwntioned in this annex are 
always involved with the MGPS. 

G.3.2 Executive Manager (EM) 

G.3.2.1 The EM is the person with lAimate management re^x)nstt)Mty for the organization in which the 
MGPS is installed and operated, including the alkxatwn of resourcM and the appoirrtment of personnel. 

G.3.2.2 Formal responsibility for the MGPS rests with the EM, i^tough the AP retains eftisctive 
responsibility for day-to-day management of the MGPS. 

G.3.2.3 The EM is responsible for implementation of the operrtiontf poHcy for the MGPS and to ensure 
that the Operattonal Management Docunent dMdy defmes the roles and responsttiiHties of afl persoraiel who 
can be involved in the use, installatton, mo(fifk»tion and maintenance of tfie MGPS. The EM is also 
responsible for monitoring the implementation oX the Oper^kxwl Mwiagement Dccumerrt. 
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G.3.2.4 The EM might delegate specific responslbilbes for the MGPS to ^^yP^'^°^\ZT^^^ Te 
detegation should be dearty set out in the Operational Management Document, together with the 
arrangements for liaison monitoring and review. 

G.3.3 Facilities Engirteering Manager (FEM) 

G.3.3.1 The FEM is the person with overall responsit)ility for the MGPS and who needs to have suffkaent 
technical knowtodge and experience in order to understand fJly the hazards involved dunng commissioning. 
constrtJCtion. operation, maintenance, modffication and upgrading of the MGPS. The FEM nonnally reports to 
the EM of the healthcare tadlity. 

G.3.3^ The FEM of the healthcare fac«ty is reeponsilJle for the integrity of the MGPS. The FEM might 
have one or more authorized persons (AP) with dear Ime management responsibility for the MGPS reporting 
to him. 

G.3.3.3 The FEM is responsSile for imptemertfng and monitoring the Operational Management Document 
covering the lyiGPS. 

G.3.3.4 The FEM is responsible for ensuring th^ aH APs and CPs employed or contracted by the 
engineering department are competent arni qualified. 

G.3.3.5 The FEM is responsible for maintaining a registry of competent APs and CPs employed or 
contracted on site 

G.3.3.6 The FEM is responsible for taking appropriate con-ective actions on reported failure or excessive 
wear of MGPS equipment and components. 

G.3.4 AuttKKtzed Person (AP) 

G.3.4.1 The AP should be appointed in writing by the EM and have sufRdent technical knowledge, 
training and experience to understand fully the hazards involved with the operation of the MGPS. The AP 
shouW be appointed in writing by the executive manager or general manager on the recommendation of a 
cfwrtered engineer with spedaiist knowledge of MGPSs. 

G.3.4^ The ^jpointed AP is responsible for the day-to-day management of the designated MGPS(s) or 
sectwn of the MGPS. For a spedfk: MGPS. there can be one or more APs, w«th dear line management 
responsibitity. 

NOTE The Opwational Management Oocunent ihouU define the number of APs requred to manage the MGPS and 
the need tor an AP to aAwaya be avattabte on site or on C8i| 

G.3.4.3 AH appointed APs shouW be listed in the Operational Management Document and be made 
known to all interested parties on site. The AP should have specific knowledge of the MGPS on site and be 
independent from the contractor performing the work on the MGPS. 

G.3AA The AP is responsible for the fbflowing: 

MGP5, 



b) 



c) 

G.3 

out 



ensuring that aN DfK)s m departments Hkety to be involved are advised of the estknated *.«««« «f ^ 
work and the interruption to the MGPS; »w w me estimated duration of the 

ensuring that a« terminal units kteitified as being faulty or requiring attention are appro^ 
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Table F.I {continued) 



Safety objective 


Root cauM 


Hazardous situation 


Risk control measures 


Responsible 
organizations 




f) Poor location or 
housing of sources of 
supply 


Mechanical damage to the 
sources of supply leading 
to loss of supply 

Sources of supply affected 
by incident involving an 
adjacent facility 

Potential damage to other 
sources of supply 

Eventual failure of thie 
supply source 

Access to all sources of 
supply blocked, leading to 
loss of supply 


Ensure supply source separation distances follow local regulations /guidelines 


H+M 


Review risks associated with two sources of supply being located adjacent to 
each other 


H*M 


Ensure that plant rooms and manifold rooms have adequate temperature 
control and ventilation 

Review room temperature control to prevent separation of gas mixtures 

EXAMPLE To prevent separation of certain gas mixtures, to prevent 
asphyxiation and to prevent gas accumulation in the room. 


H 


Adequate physical protection from mechanical damage 


H + M 


Clear sigr\age to keep delivery areas clear 


H 


Site procedures to maintain access to sources of supply 


H 


Routine review of location of supply system to ensure system remains safe 


H 


Review nsks associated with having two sources of supply located on different 
sites 


H 



s 
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Table F.I {continued) 





Safely objective 


Root cause 


Hazardoua situation 


Risk control measures 


Responsible 
organizations 








g) Failure of alarms 


Alarm condition not 
detected 


Uninterrupted Power Supply (UPS) electrical supply to ensure continuity of 
electrical supply to alarms 


M 






Connect alarms to the emergency electrical supply to ensure continuity of 
alarm operation 


H 






Display of information signals Independent from alarm system 


M 






Routine testing of the alann system 


H 






Routine review of the alarm system 


H 






Operational Management Document addresses issues of alarm (allure 


H 








h) Electricity supply 
failure 


Failure of operation of 
electrical components 
potentially leading to loss 
of supply 


Uninterrupted Power Supply (UPS) or emergency electrical supply to ensure 
continuity of electrical system 


H 






Checl* capacity of the emergency electrical supply 


H 






Routine testing of the emergency electrical supply 


H 






Operational Management Document addresses issues of electrical supply 

failure 


H 








Procedures to ensure that all components are restored to an operational 
condition following reinstatement of the power supply 


H 






Check that reserve sources of supply from compressors or oxygen 
concentrators are capable of maintaining gas supply during electrical supply 
failure. 


H 








i) Component failure 


Potential for the loss of 
supply with failure of 
critical components 


Review and identification of critical components 


M 






Specific preventive maintenance for critical components 


H+M 






Specification for the critical components to be obtained from approved 

suppliers 


M 






Alarm systems checked to ensure that failure of critical components is 
detected 


H 






Adequate spares/redundancy for critical components 


H 






Operational Management Document addresses issues of critical component 
failure 


H 








s 



Table F.1 (continued) 



Safety objective 


Root cause 


Hazardous situation 


Risk control measures 


Responsible 
organizations 




j) Failure of the 

maintenance system 


Potential failure of 
components and 
subsequent failure of 
supply system 


Operational Management Document addresses issues of critical component 
failure 


H 




k) Supply failure to areas 
of high-dependency 
patients 


High risk to patient with 
failure of supply 


Identification of areas of high hsk 


H 


Review of emergency supply systems to high hsk areas 


H 


Design system to provide higher levels of redundancy of critical components 


M 


Alarm systems checked to ensure that failure of cntical components is delected 


H 


Operational Management Document addresses issues of critical component 
failure 


H 


Capability to supply k)calized areas 


H 


2) System 
performance 


a) Incorrect design/ 
specification of 
components and 
pipeline systems 


Inadequate supply to the 
patient or equipment 


Provide usage information 


H 


Correct design of components/pipelines based on usage information 


M 


Design validation in accordance with Clause 12 


M 


Commissioning checks foltowing installation 


H+M 


Operational Managenwnt Document addresses periodic checks of usage 


H 




b) Inadequate corrosion 
protection of 
pipelines/components 


Failure of pipelines/ 
components 

Leakages 

Collapse of supports 


Correct design/kx:atk)n/protection of pipeUnes/comportents 


M 


Operational Management Document addresses penodk: inspection and 
maintenance of MGPS 


H 



(A 



(A 

o 
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Table F.1 (continued) 





Safety objective 


Root cause 


Hazardous situation 


Risk control measures 


Responsible 
organizations 






c) Failure of pressure 
control - hign 
pressure 


High pressure at the 
terminal unit 


Correct design and location of pressure-relief valves to protect against 
component failure 


M 




Correct design of alarm system to indicate high-pressure condition 


M 




Operational Management Document addresses periodic testing and 
maintenance of pressure-relief valves 


H 




Operational Management Document addresses periodic checks of high- 
pressure alarm 


H 




Operational Management Document addresses periodic inspection and 
maintenance of pressure regulators 


H 




Operational Management Document addresses checks of ability of equipment 
attached to MGPS to cope Wttt\ failure of pressure control system 


H 






d> Failure of pressure 
control - low pressure 


Low pressure at terminal 
unit leading to 
malfunctioning of 
equipment 


Correct design of alarm system to Indicate low-pressure condition 


M 




Operational Management Document addresses periodic checks of low- 
pressure alarm 


H 




Operational Management Document addresses periodic inspection and 
maintenance of pressure regulators 


H 
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Form D.21.2 — Tests for gas identity using different pressures 



Healthcare facility_ 



Area identification 



COiVIPLETE INSTALU^TION (Sheet of 

This is to certify that the identity of the gas at all terminal units has been checked as follows 



Rheets) 



Medical gas 


Pressure used 


Pressure recorded 


Nitrous oxide 






Carlwn dioxide 






Nitrogen for driving surgical tools 






Medical air 






Air for driving surgical tools 






Vacuum 







Measuring instrument(s) used 



Manufacturer's Representative 

Position 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 



103 



IS/ISO 7396-1 : 2007 



Form D.21.3 — Tests for gas identity using a gas-specific analyser 



Healthcare facility. 



Area identification 



COIVIPLETE INSTALLATION (Sheet of sheets) 

This IS to certify that the identity of the gas at ail terminal units has been checl<ed as follows: 



Medical gas 


Pass/Fail 


Nitrous oxide 




Carbon dioxide 




Nitrogen 





Measuring instrument(s) used 



Manufacturer's Representative 

Position 

Date 



Signature, 
Name 



Authorized Person 

Position 

Date 



Signature, 
Name 
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Annex E 

(informative) 

Temperature and pressure relationships 



E.1 Principle 

From the ideal gas law: 

and 

/'2=(/'l)<?2//l) 

where 

P^ is the initial pipeline absolute pressure; 

P2 is the final pipeline absolute pressure; 

'l\ is the Initial pipeline absolute temperature; 

72 is the final pipeline absolute temperature 
NOTE 1 Absolute pressure gauge pressure i 100 kPa 
NOTE 2 The relationship t)etween temperature and pressure at typical pipeline pressures is shown m Figure E 1 

E.2 Example 

An example of correction using the diagram in Figure El is given below 

The pressure of a system previously at 1 400 kPa will fall to about 1 350 kPa wrth a 10 X drop in temperature 
This can be confirmed by calculation using the equation in E 1 . as follows 

where 

p-^ is 1 500 kPa (1 400 kPa gauge pressure). 

r, is 293 K (20 °C); 

T2 is 283 K (10 X); 

P2 is 1 449 kPa (1 349 kPa gauge pressure). 
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1 400 1 600 X 



Key 

X pipeline pressure m kilopascals (NPa) 

Y temperature change, in degrees Celsius {*C) 



Figure E.I - Relationship between temperature and pressure at typical pipeline 



pressures 
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Healthcare facility. 



Form D.14.2 — Tests of openrting aiamw 

Area identification 



COMPLETE INSTALLATION (Sheet of sheets) 

This is to certify that the monitoring and alarm systems have been tested »id comply with ttie specificatwns 



Function tasted 


Oxygen 


Nitrous 
oxide 


Vacuum 


MM«cal 
•Ir 


Mr tar 

surgical 
tools 


Carbon 
dkndda 


Osygwt- 

•IWlClMd 

air 


niuuysii 
for 

surgical 
tools 


OxygMtf 

nttrous 

oxids 

mixturs 


Change-over from primary 
to secondary cylinder 
supplies 




















Primary cylinder supply 
below minimum pressure or 
content 




















Secondary cylinder supply 
tietom minimum pressure or 
content 




















Reserve cylinder supply 
below minimum pressure or 
content 




















Pressure in cryogenic 
vessels below minimum 




















Liquid level in any 
cryogenic or non-cryogenic 
vessel(s) below minimum 




















Liquid level in reserve 
cryogenic or norvcryogenic 
vessel below nwnimum 




















Malfunctioning of air 
compressor systems 




















Water vapour content in air 
supplied by air compressor 
systems 




















Malfunctioning of 
proportioning system 




















Malfunctioning of cryogenic 
systems 




















MalfuTKtioning of vacuum 
systems 




















Malfimctioning of supply 
system for oxygen- 
enriched air 





















Measuring instrument(s) used. 



Manufticturer's Representative 

Positkm 

Date 



Signature 
Name 



Authorized Peison 

Position 

Date 



Signatiffe 
Name 
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fotm 18 - rmt tot pa«ticutete contwnliwtton of pip«ltn« distribution systems 



M^aftPcace faouty 



Area lOentiftcation 



COMPLErEiNSTALLATION (Sheet of Sheets) 

Tr>,% i» to certify mat (Ni foiio^^ng m«<»c* gas pipelines have oeen tested fof particulate contamination 






Temynal unit identification 



. -*.. .. *^ , *a I, I, 



Visible particles 

Yes/No 



— + 



M#«sur»og in«frument($t used 



Manufacturer's Reiiresentaiive 

Po««t>on ___^ _ 

Date 



Auffiortsed Person 

Pwttfion_ _ _ 

Oaf* 



S«gnature 
Name 



Name 



m 
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Form D 1 6 - Tests of the quality of ffMKjIcal •» |»totfwcMl by •«ipt>^ cystems wM Mr 



»! 



Healthcare facility 



Am* ia»«Bhc«tto« 



COMPLETE INSTALLATION 



f&»»i*f 



Thrs IS to cemty that the meO'Cjl aif pfcxJuced by m« (k4pp>y ty»t»m *«h •« compf*»»ort») 
betcxe fiiimg the pipeline and complies \»fltti tt* reQywemantt of 5 5 2 1 •• MKmm 






Oxygen 


Total oil 


Water 


Carlton Cailton 


umm 


WO. MO, 1 




concentration s 


1 


vapour 

CWI|*«<I 


monoKtOa 


AmM* 


dMNM. 






> 20 4 % 


C 1 mg.-'fn^ ] 


• 67 mym' 


!, 6 ml.«m^ 


V iOOf^Afn* 


». 1 «n»n' 


«.3m»w>» 




s 21 4% 


\ 














I 
. 1 


i 













Measuring instruments) use<J. 



Manufacturwr't Rtprtsvntativ* 

Posrtion 

Date 






AuthorizMl Person 

POSrtHXt 

Date 



Stgrwtura 
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Fom, D.17 - T-ts of th. quality of air for driving .u-^ical tool, produced by supply systems 

with air compressor(s) 



Healthcare facility. 



Area identification 



COMPLETE INSTALUVTION 



(Sheet . 



of sheets) 



Thi5 is to certify that the air for driving surgical tools produced by the supply f V^t^,*"*! !l|;;^.'"P'«*«^<*> 
has tjeen tested before filling the pipeline and complies with the requirements of 5.5.2.3 as follows. 



Total dl 
« 0.1 mgltr? 


Vtatsr vapour content 

$ 67 mlftn3 







Measuring instrument(s) used . 



Manufacturer's Representath/e 

Position 

Date 



Signature. 
Name 



Authorized Person 

Position 

Date 



Signature. 
Name 
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Form D.7 — Tests for leakage, closure, zoning and Identification of arM stiut-otr valvaa 



Healthcare facility. 



Area identification 



COMPLETE INSTALLATION 



(Sheet o/. 



sheets) 



This is to certify that leakage, closure, zoning and identification tests of the terminal units controlled by the 
area shut-off valves were carried out as follows: 



Medical 
gas 


Area shut-off 

valve 
identirication 


Test pressure 

kPa 


pressure change 
after 15 min 

kPa 


Identity of 

terminal units 

controlled 


Correct termlful 
unit tatwiling 

Yeaffto 


PaM/FaH 























































































Measuring instrument(s) used_ 



Manufacturer's Representative 

Position 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Form D.8 — Tests for cross-connections 



Healthcare facility. 



Area identification 



COMPLETE INSTALLATION (Sheet of sheets) 

This is to certify that a cross-connection test was successfully completed on the following pipeline systems: 



Medical gas 


Section tested 



























Measuring instrument(s) used 



Manufacturer's Representative 

Position 

Date 



Authorized Person 

Position 

Date 



Signature, 
Name 



Signature, 



_ Name 
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Form D.9 — Tests for obstruction and flow, mechanical function, gas specificity and identification of 

terminal units 



Healthcare facility. 



Area identification 



COMPLETE INSTALLATION (Sheet of sheets) 

This is to certify that the following terminal units were tested on the medical gas pipeline 

Specified flowrate l/min. Specified pressure change WNk 



Room 
Identification 


Terminal unit 
identification 


Flowrati 

Pass/Fail 


Pressura 
cliange 

Pass/Fail 


Mechanical 
functiofl 

Pass/Fail 


Identffication 

Pass/Fa« 


Gaa spacificity 

Pass/Fail 





































































































Measuring instrument(s) used . 



Manufacturer's Representatlvs 

Position 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Form D.10 - Tests for obstruction and flow, mechanical function, gas speciflcity and identification of 

NIST or DISS connectors 



Healthcare facility. 



Area identification 



COMPLETE INSTALLATION 



(Sheet . 



of sheets) 



This is to certify that the following NIST or DISS connectors were tested on the medical gas 

pipeline. 



Specified flowrate. 



l/min. Specified pressure change. 



kPa. 



Room 
identification 


NIST or DISS 

connector 
identification 


Flowrate 

Pass/Fail 


Pressure 
change 

Pass/Fail 


Mechanical 
function 

Pass/Fall 


Identification 

Pass/Fail 


Gas specificity 

Pass/Fail 





































































































Measuring instrument(s) used 



Manufacturer's Representative 

Position 

Date 



Signature, 
Name 



Authorized Person 

Position 

Date 



Signature, 
Name 
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Form D.3 — Check for compliance with design specificitions 



Healthcare facility. 



Area identification 



(Sheet of sheets) 



This is to certify that the following medical gas pipelines have t)een checked before concealment for 
compliance with design specifications. 



IMedicai gas 


Pipeline sizing 


Location of | 


Terminal units 


Lin* prassura 
ragulators (if fittad) 


Shut-«fr valvaa 



















































































Manufacturer's Representative 

Position 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Form 0.4.1 - T*t* for m«:hanlcal Integrity of vacuum pipeline systems 



Healthcare facility. 



Area identification 



(Sheet of sheets) 

This is to certify that a mechanical integrity test was carried out on the vacuum pipeline system(s). 



SKtiontMtMi 


TMtprassure 
kPa 


Test period 

min 


Pass/Fail 



































































Measuhng instrument(s) used 



Manutacturer's Representative 

Position 

Date 



Autlwrized Person 

Position 

Date 



Signature, 
Name 



Signature, 

Name 
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Form D.4.2 — Tests for Isaluio* into ths vacuum pIpMna systems 



Healthcare facllity_ 



Area identification 



(Sheet of 



sheets} 



This is to certify that a leakage test was carried out on the vacuum pipeline sy$tem(s) Ourirtg the test, the 
pressures shown below were measured. 



Section tested 


Test pressure 

kPa 


Test period 

h 


Pressure increase 

kPa 


■ Pass/Fail 

V s 20 kPa/h 



















































































Measuring instrument{s) used _ 



IManufacturer's Representative 

Position 

Date 



Signature 
Name 



Authorized Person 

Position 

Date 



Signature 
Name 
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Fonn 



D.5.1 - Twts for mechanical integrity for compressed medical gas pipeline systems 



Healthcare facility. 



Area identification 



(Sheet . 



of sheets) 



This is to certify that a mechanical integrity test was carried out before concealment on the medical gas 
pipeline system(s). 



Ntodicalgat 


Section tested 


Test pressure 
kPa 


Test period 

min 


Pass/Fail 



















































































Measuring instrument(s) used . 



Manufacturer's Representative 

Position 

Date 



Signature, 

Name 



Autliorized Person 

Position 

Date 



Signature, 
Name 
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C.3.11.2 Example of procedure 

Test the terminal unit most distant from the source of supply on each branch line of the pipeline with the 
device shown m Figure at a flowrate of 150 l/min for 15 s Verity that the filters are free from particulate 
fTiatter when viewed in good light 

C.3.11.3 Test results 

Record the results on Form D.I 5. 

C.3.12 Tests of quality of medical air and air for driving surgical tools produced by supply 

systems with air compressor{s) (see 12 6 11 and 12 6 12) 

C.3.12.1 General 

These tests should be carried out on each air compressor unit in turn, at the sample port immediately 
downstream of the conditioning systems, t>efore filling the pipeline distnbution system with air from the 
compressor system The supply system should be isolated from the pipeline distribution system by closing the 
supply shut-off valve 

NOTE Information regarding test methods can be found m 150 8573 31" 150 8573-4 1^1 150 8573-6'''' and 

ISO 8573-8 I'^l. 

C. 3.1 2.2 Example of procedure 

C. 3. 12.2.1 Oxygen concentration 

Using an oxygen analyser, verify that the oxygen concentration meets the requirements of 5 5 2 1 

C.3.12.2.2 Oil 

Test for oil present as liquid, aerosol and vapour at the sample port using an appropriate test device Venfy 
that the total oil concentration does not exceed the value given in 5 5 2 1 and 5 5 2 3 

NOTE Information regarding test methods can be found m ISO 8573 2 I'' and ISO 8573-5 I'"' 

C.3.1 2.2.3 Water 

Test for water vapour content at the sample port using an appropriate test device Verify that the water vapour 
content does not exceed the value given in5521 or 5523 This test should tie rep)eated after filling the 
pipeline distnbution system with air from a sample of 5 % of terminal units at points remote from the source of 
supply (see C 3 15 2 5) 

C.3.12.2.4 Carbon monoxide and carbon dioxide 

Determine the concentrations of carbon monoxide and carbon dioxide at the sample port using appropriate 
test devices Verify that the concentrations do not exceed the values given in 5 5 2 1 

NOTE Information regarding test methods can be tound m ISO 6573-6 I' '' 

C. 3.12.2.5 Sulfur dioxide, nitrogen monoxide and nitrogen dioxide 

Determine the concentrations of sulfur dioxide nitrogen monoxide and nitrogen dioxide at the sample port 
using appropriate test devices Verify that the concentrations do not exceed the values given m 5 5 2 1 
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C. 3. 12. 2. 6 Particulate contamination 

Test for particulate contamination at the sample port using an appropriate test device. 

C.3.12.3 Test results 

For medical air. record the results on Form D 16. For air for driving surgical tools, record the results on 

Form D 17 

C.3.13 Test of the quality of medical air produced by supply systems with proportioning 

un»t(s)(see 12 6 13) 

C. 3.13.1 General 

These tests should be carried out before filling the pipeline distribution system with medical air produced by 
the proportioning system The supply system should be isolated from the pipeline distribution system by 

closing the supply shut-off valve. 

These tests should be c'arried out on each proportioning system in turn, if more than one Is fitted, at a suitable 
sample port on each system immediately upstream of the supply shut-off valve. 

C. 3.13.2 Example of procedure 

C. 3. 13.2.1 Oxygen concentration 

Using an oxygen analyser, verify that the oxygen concentration meets the requirements of 5.5.3.1. 

C.3.13.2.2 Water vapour content 

Using an appropriate test device at the sample port, verify that the water vapour content does not exceed the 
value given m 5 5 3 1 

C.3.13.3 Test results 

Record the results on Form D 18 

C.3.14 Test of the quality of oxygen-enriched air produced by supply systems with oxvaen 
concentrator(s)(see 12 6 14) "FHiy »ysiems wren oxygen 

C.3.14.1 General 

These tests should be carried out before filling the oioeline di<;trihirtinn e„o*»~, -.u 

^pS^t-nw^'sh'S^r '"=" "''•" "™""'" '" "™ « ' «'"e tea pol« immediate,, 
C. 3.14.2 Example of procedure 
C.3.14.2.1 Oxygen concentration 

using an oxygen analyser venfy that the oxygen concentration meets the requirements of ISO 10083. 
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C. 3.14.2.2 Carbon monoxide and carbon dioxide 

Using appropriate test devices at the sample port, verify that the concentrations of carbon monoxide and 
carbon dioxide do not exceed the levels specified in ISO 10083 

C.3.14.2.3 Particulate contamination 

Using appropriate test devices at the sample port, verify that the particulate contamination does not exceed 
the level specified in ISO 10083 

C.3.14.2.4 Hydrocarbon contamination 

Using appropriate test devices at the sample port, verify that the concentration of hydrocarbons does not 
exceed the level specified in ISO 10083 

C.3.14.2.5 Water vapour content 

Using appropriate test devices at the sample port, verify that the water vapour content does not exceed the 
level specified in ISO 10083. 

C.3.14.3 Test results 

Record the results on Form D 19 

C.3.15 Filling with specific gas (see 12 6.15) 

C.3.1S.1 General 

All systems can be filled vi^ith their specific gases at the same time Filling with specific gas can be earned out 
at the same time as the test for gas identity (see C 3 16) All previous tests should have Iseen satisfactorily 
completed. Sources of test gas should be disconnected All pipeline systems should be at atmosphenc 
pressure Each pipeline system should be connected to its source of supply with all shut-off valves except the 
supply shut-off valve open All special connectors should t>e removed from site 

C.3.15.2 Example of procedure 

C. 3.15.2.1 Open the supply shut-off valve and fill each pipeline system from its supply system to the nominal 
distribution pressure or vacuum 

C.3.15.2.2 Except for vacuum pipelines, allow a flow of gas from each terminal unit m turn Close the supply 
shut-off valve and allow the pressure in each pipeline to fall to atmospheric All gases except air should be 
vented outside the building. 

C.3. 15.2.3 Open the supply shut-off valve and refill each pipeline to the nominal distribution pressure 
Repeat the procedure given in C 3 15 2 1 and C 3 15 2 2 as many times as required to give a gas identity 
which conforms to the requirements of 12 6 1 5 

C. 3.1 5.2.4 Leave each pipeline system at nominal distnbution pressure with the supply system connected 

C.3.15.2.S For medical air or air for driving surgical fools supplied by supply systems with air compressors at 
least one terminal unit on each branch (the terminal unit most distant from the source of supply) should be 
tested for water vapour content. 

C.3.15.3 Test results 

Record on Form D.20 that all pipeline systems are filled with the specific gas 
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C.3.16 Tests for gas identity (see 12 6.16) 

C. 3. 16.1 General 

The pipeline systems should be at nominal distnbution pressure and filled v^th the specific gases. All pipeline 
systems should be tested at the same time No medical equipment should be connected to the pipeline 
systems All other tests in C 3 should have been satisfactorily completed before this test is carried out. 

C.3.16. 2 Example of procedure 

Test all 'erminal units as follows: 

a) for each pipeline system which contains gas with a characteristic o.xygen concentration [e.g. oxygen 
ilOO% volume fraction), oxygen-enriched air (in accordance with specification), oxygen/nitrous oxide 
mixture (in accordance with specification), medical air (21 % volume fraction) and air for driving surgical 
tools (21 % volume fraction)], measure the oxygen concentration using an oxygen analyser. For pipeline 
systems which contain gas with the same characteristic oxygen concentration but at different pressures 
(e g medical air, 400 kPa and air for driving surgical tools, 800 kPa), measure the pressure using a 
pressure gauge. 

b) for each pipeline system which does not contain oxygen (except as a contaminant), either use a gas- 
specific analyser or set each system to a different pressure and measure the static pressure. After such a 
procedure, the p.ressure should be reset to the nominal distnbution pressure for each system; 

c) for vacuum systems, measure the pressure using a vacuum gauge, 
C.3.16.3 Test results 

Record the results on Form D21 1 and/or Form D21 2 and/or Form D, 21, 3. 
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Annex C 

(informative) 



Example of procedure for testing and commissioning 



C.1 General 

This test procedure is given as an example of how the specifications of Clause 12 can be verified so thrt the 
system can be commissioned and certified Other procedures which validly test these specifications can be 
devised. In this procedure, the given sequence of tests is important and should be followed. The general 
requirements of 12 1 and 12 2 should be followed When the results of a test do not meet the pass critena. 
remedial work shall be carried out and previous tests repeated as necessary. 

The accuracy of the test equipment should be checked before commencing each test procedure 

Typical forms for certification of the system are given in Annex D Summaries of the typical tests required 
which list the specification, procedure and fonm for each test are given in Forms D 1 1 and 1 2. 

C.2 Inspections before concealment (see 12 3) 

C.2.1 Inspection of marking and pipeline supports (see 12.5 1) 

C.2.1.1 General 

Visually inspect that marking has t^een correctly placed on all pipelines, especially adjacent to T-connections 
and where pipelines pass through floors or wall partitions The meriting should be in accordance with 10.1. 
Check the pipeline supports The pipeline supports should be in accordance with 1 1 2 

C.2.1. 2 Test results 

Record the results on Form D 2 

C.2.2 Check for compliance with the design specifications (see 12 5 2) 
C.2.2.1 General conditions 

No pipeline should b>e concealed 

C. 2.2.2 Example of procedure 

Visually inspect each pipeline to check that the sizing of the pipelines, the locafion of terminal units, line 
pressure regulators (if fitted) and shut-off valves are in accordance with the design speafication. 

C.2.2.3 Test results 

Record the results on Form 3 
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C.3 Tests and procedures before use of the systems (see 12 4) 

C.3.1 Tests for leakage and mechanical integrity 

C.3.1.1 Tests for mechanicai integrity of vacuum pipeline systems (see 12.6.1.1) 

WARNING — Precautions should be taiien to avoid hazards to personnel arising from possible rupture 
of the pipeline. 

C.3.1.1.1 General 

This test can be carried out on sections of the pipeline, provided that no part of the system is omitted. The 
section to be tested should be completely installed and held fimiiy in place. The base blocl(S of all terminal 
units should be fitted and bianited. All connectors for pressure-relief valves, pressure gauges and pressure 
switches should be blanked. If separate sections are tested, each section under test should be isolated from 
the remainder of the system. 

C.3.1. 1.2 Example of procedure 

Connect a suitable pressure-measunng device to the section under test. Fill the sectlon(s) to be tested with 
test gas at 500 kPa. After 5 min, check that the system has not ruptured. 

C.3.1.1.3 Test results 
Record the results on Form D 4.1 

C.3.1.2 Test for leakage into the vacuum pipeline system (see 12.6.1 .2) 
C.3.1. 2.1 General 

^l^"^""*' "'**' !!!? °^ ^"^"^ '"** ** ^^'^"'" 9^"9es and pressure switches should have been 
installed. The vacuum suppty system should be connected to the system under test. »a e oee 

C.3.1.2.2 Example of procedure 

C.3.1. 2.3 Test results 

Record the results on Form D 4.2 

C.3.1.3 Test for mechanical integrity for compressed medical gas pipeline systems (see 12.6.1 .3) 

WARNING — Precautions should be taken to avoid h»«rri« »« ~.» . ^ 

of the pipeline. *" ""■"** *° personnel arising from possible rupture 

C.3.1.3.1 General 

This test can be carried out on sections of the pipeline oravirifrt * 

section to be tested should be completely installed and' i^w ^i ".° '^^'^ °^ ^^ ^V^*®"^ 's omitted. The 
units should be fitted and blanked All connectors for Dr^^.r^J^jr ^?^ '^^ ^^ '''°<=ks of ail terminal 
swrtches should be blanked If separate sections are tesi^ I^^iT '1^^^'"®^' Pressure gauges and pressure 
the rematfMler of the system. ' ®*^ ^®^0" ""der test should be Isolated from 
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C. 3. 1.3. 2 Example of procedure 

Connect a suitable pressure-measuring device to the section under test. FiN the sactiorHs) :o bt tMted with 
test gas at a pressure 1,2 times the maximum pressure as specified in 12 6 1.3 for that section. After Smin, 

checl< that the system has not ruptured. 

C.3.1.3.3 Test results 

Record the results on Form D.5.1. 

C.3.1.4 Test for leakage from the compressed medical gas pipeline systems (see 12 614) 

C.3.1.4.1 General 

These tests can be carried out on sections of each pipeline, provided ttiat no section is omitted an6 the 
integrity of the pipeline is maintained All terminal units, valves, line pressure regulators, gauges and pressure 
sensors should be fitted. The supply system should be isolated from the pipeline. 

C.3.1.4.2 Example of procedure 

Connect a suitable pressure-measunng device to each section of the system(s) under test 

For single-stage pipeline distribution systems, pressurize with test gas at rraminal distribution pressure each 
section upstream and dov\/nstream of each area shut-off valve The means to allow physical isolation stull be 
used between each section upstream and downstream of each area shut-off valve. 

For double-stage pipeline distribution systems, pressurize with test gas at nominal supply system pressure 
each section upstream of each line pressure regulator and at nominal distritHrtion pressure each section 
downstream of each area line pressure regulator The means to allow physical isolation shall be used 
between sections upstream and downstream of each line pressure regulator 

NOTE The shut-off valves fitted upstream and downstream of each line pressure regulator (see 7 4 2) together with 
the line pressure regulator set at zero flow can be considered as a means to allow physical isolation 

Disconnect and remove the test gas supply Record the pressure and room temperature initialty arKi at the 
end of the test period (2 h to 24 h) Check that in each section upstream of each area shut-off valve (or each 
line pressure regulator), the pressure drop does not exceed 0,025 % of the initial test pressure per hour 
Check that in each section downstream of each area shut-off valve (or line pressure regulator), the pressure 
drop does not exceed 0,4 %/h of the initial test pressure in sections not including flexible h<»es in medical 
supply units or 0,6 %/h of the initial test pressure in sections including flexible hoses in medical su(^ units 

C.3.1.4.3 Test results 

Record the results on Forms D 5 2 and D 5 3 

C.3.1 .5 Combined tests for leakage and mechanical integrity of compressed medical gas pipeitna 
systems (before concealment) (see 12 6.1.5) 

WARNING — Precautions should t>e taken to avoid hazards to parsonnal arising from possttito rufmirs 
of the pipeline. 

C.3.1. 5.1 General 

This test can Ije carried out on sections of the pipeline, provided that no part of the system is omitted The 
supply system should be isolated from the pipdine. The section to be tested should be completely installed 
and held firmly in place. The base blocks of all terminal units shoukJ be fitted artd blanked. Ail connectors for 
pressure-relief valves, pressure gauges and pressure switches shouW be blanked If separate sections are 
tested, each section under test should be isolated from ttie remainder of the system 
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C.3.1.S.2 Example of procadura 

C.3.1.S^1 Connect a suitabte pressur^measuring device to the section under t«st Pressurize v^th test 
gas each section to be tested at a pressure 1 .2 times tt^e maximum pressure, as specified .n 12.6.1 .5, for that 
section. After 5 min. check that the system has not ruptured, 

C 3 1 5 2.2 At the same test pressure(s). check that the pressure drop during a test period of 2 h to 24 h 
does not exceed 0,025 % of the initial test pressure per hour, except for pressure changes due to temperature 
variations. 

NOTE The pfBSSufB change due to temperature variations is approximately 0,35 %/°C (see Annex E). 

C.3.1.5.3 Test results 

Record the results on Fonn D.6.1. 

C.3.1 .6 Combined tests for leakage and mechanteal integrity of compressed medical gas pipeline 
systems (after concealment) (see 12.6.1.6) 

WARNING — Precautions shouM be taken to avoid hazards to personnel arising from possible rupture 
of the pipeline. 

C.3.1. 6.1 General 

These tests may be carried out on sections of each pipeline provided that no section is omitted and the 
integrity of the pipeline is maintained. All terminal units, valves, line pressure regulators, gauges and pressure 
ser^sors shoukj l>e fitted. The supply system stwuld be isolated from the pipeline. 

C.3.1 .6.2 Example of procedure 

C.3.1 .6.2.1 Connect a suitable pressure-measurwig device to the section under test. Pressurize with test 
gas each section to be tested at a pressure 1 ,2 times the maximum pressure, as specified in 12.6.1 .6. for that 
section. After 5 min, check that the system has not ruptured. 

C.3.1.6.2.2 Carry out the test for leakage in accordance with 12.6.1 .4. 

C.3.1 .6.3 TestrMuitB 

Record the results on Form D.6.2. Form D.5.2 and/or Form D.5.3. 

C.3.2 Test of area shut-off valves for leakage and closure and checks for correct zoning and 
correct identification (see 12.6.2) 

C.3.2. 1 General 

The tests given in C.3.1 should have been completed satisfactorily and all tenninal units should be dosed. 

This test can be carried out on more tfian one system at a time. 

The test for leakage and closure of area shut-off valves does not apply to vacuum systems. 

C.3.2.2 ExanH>le of procedure 

C.3.2.Z1 Pressurize the pipefine system at its nominal distribution pressure with all area shut-off valves 
^^Connect a pressure-measuring device downstream of each area'sS-off v^e. Ctose an a^^shuE^^ff 
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NOTE See Tables A 2 and A3 for keys to components and subassemblies 



Figure A.19 — Single-stage pipeline system with proportioning supply system 
(two proportioning units - one cylinder source) 
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NOTE See Tables A 2 and A 3 for keys to components and subassemblies 



Figure A.20 — Single-stage pipeline system with proportioning supply system (two proportioning 
units - one cylinder source) — Alternative arrangement of secondary and reserve supply connection 
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies. 



Figure A.21 — Double-stage pipeline system with proportioning supply system 
(two proportioning units - one cylinder source) 
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NOTE See Tables A 2 and A. 3 for keys to components and subassemblies. 

Figure A.22 — Double-stage pipeline system with DraDOitinninn ... ,. 

units - one cylinder source) -Alternative ^nangeSTsZS'S.rr^ <**° proportioning 

ti cm oi seconaary and reserve supply connection 
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NOTE See Tables A 2 and A3 for keys to components and subassemblies. 



Figure A.23 — Single-stage pipeline system with compressor supply system for air for driving surgical 
tools (one air compressor source - one cylinder source) 
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NOTE See Tables A 2 and A.3 for keys to components and subassemblies. 



Figure A.24 — Single-stage pipeline system with compressor supply system for air for driving surgical 

tools (two air compressor sources) 
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NOTE See Tables A 2 and A 3 for keys to components and subassemblies. 



Figure A.25 — Double-stage pipeline system with compressor supply system for air for driving 
surgical tools (one air compressor source - one cylinder source) 
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NOTE See Tables A 2 and A 3 for keys to components and subassemblies 

Figure A.26 - °°"'''«-%9^« PiJ^f"; ^yj**^ with compressor supply system for air for driving 
surgical tools (two air compressor sources) 
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Figure A.7 — Double-stage pipeline system with air compressor supply system 
(one air compressor source - two cylinder sources) — Alternative arrangement of secondary 

and reserve supply connection 
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NOTE See Tables A 2 and A3 for keys to components and subassemblies 

Figure A.8 — Single-stage pipeline system with air compressor supply system 
(two air compressor sources - one cylinder source) 
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See Tables A 2 and A 3 for Keys to co,.ponen,s and subassembl.es 



Figure A.9 - Single-stage pipeline system with aircomn« 

sources - one cylinder source) — Altemaf i«» ^"'"P^^SO'' supply system (two air compressor 

A.xemat.ve arrangement of reserve supply connection 
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NOTE See Tables A 2 and A 3 for keys to components and subassemblies 



Figure A.10 — Double-stage pipeline system with air compressor supply system 
(two air compressor sources - one cylinder source) 
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NOTE See Tables A 2 and A 3 tor keys to components and subassemblies 

Figure A.11 — Double-stage pipeline system with air compressor supply system (two air compressor 
sources - one cylinder source) — Alternative arrangement of reserve supply connection 
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Figure A.12 — Single^tage pipeline system with air compressor supply system 
(three air compressor sources) 




NOTE See Tables A 2 and A 3 for keys to components and subassemblies 

M *"'*" reserve air compressor supply connection 
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Annex A 

(informative) 

Schematic representations of typical supply systems and area 

distribution systems 



These schematic representations are intended to give an overview of the essential features of differerM types 
of medical gas pipeline systems. The relative position of some components shovwi can be varied to meet local 
needs. Many components defined In the requirements of this part of ISO 7396 are not shown (eg. automatic 
change-over). Dashed lines indicate additional pipelines. These schematics are for general guidance and are 
not normative. 

Table A.1 gives a summary of Figures A 1 to A.30. Tables A.2 and A.3 give the keys to the comportents and 
subassemblies, respectively, of the features shown in Figures A.1 to A.30. 



Table A.1 — Description of the figuraa 



Figure number 


Description 


A1 


Single-sta^ pipeline system (three sources of supply) 


A2 


Single-stage pipeline system (three sources of supply) — Allemative errangement of reserve supply 
connection 


A.3 


Double-stage pipeline system (ttwee sources of supply) 


A.4 


Double-stage pipeline system (three sources of supply) — Aitemative wrangement of reserve 
supply connection 


AS 


Single-stage pipeline system with air compressor supply system (orw air oompr^eor source - two 
cylinder sources) 


A6 


Double-stage pipeline system with air compressor supply system (one air compressor source - tMO 
cylinder sources) 


A.7 


Dout>le-stage pipeline system with atf compressor supply system (orte m compressor source - two 
cylinder sources) — Aitemative arrangement of secondary and rasonm supply connection 


A8 


Single-stage pipeline system wXh air compressor supply system (two air compressor sources - one 
cylinder source) 


A9 


Single-stage pipeline system with air compressor supply system (two air compressor sources - one 

cylinder source) — Aitemative arrangement of reserve supply connection 


A10 


Double-stage pipeline system with air compressor supply systam (Mw air compressor sources - one 
cylinder source) 


A 11 


Dout>le-stage pipeline systam with air compressor supply systam (two air compressor sources - one 
cylinder source) — Aitemative arrangement of reserve supply connection 


A.12 


Single-stage pipeline systam with air compressor supply systam (three air compressor sources) 


A13 


Single-stage p^Mline system with air compressor supply system (three mr compressor sources) — 
Alternative arrangement of reaen« air compressor supply connection 


A14 


Double-stage p^ieiine system with air compressor supply system (three air compressor sources) 


A15 


OoU>le-stage pipeline system with air compressor supply system (three air oompraeaor sources) — 
Aitemative arrangerT>ent of reaen« air comprasaor supply connection 


A16 


— . . . ... .... .... ... ... 


sources) 
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TaM»A.1 (continued) 



Rgura numlMr 


OMti'iption 


A.17 




DouIjIb aiflijB py<)inii«ygiBmvi<Mhpfoponi(in»i9StJH)iv»ya'p'iU"''«»>^>v"''"'"'M """ '"" 
cyUnder sources) 


A.18 


Ooubl»«tage pipelme systam with proportioning supply system (one proportioning unit two 
cyihxter aoort») — Alternative arrangemert oTsooondary and reserve supphr conne^^ 


A. 19 


Single-sJage pipeline system with proportioning suppty system (two proportioning units - one 
cylinder source) 


A.20 


Single-stage pipefine system with proportioning supply system (two proportioning units - one 
cylmder source) — Alternative arrangement of secondaiy and reserve supply connection 


A.21 


DouM»stage pipeKne system with proportioning supply system (two proportioning units - one 
cylinder source) 


K31 


Dout)l»stage pipeline system with proportioning supply system (two proportioning units - one 
cyRnder source) —Alternative airaigement of secondary and reserve supply connection 


AJ3 


Single-siage pipeline system wHh compressor supply system for air for driving surgical tools (one air 
compressor source - one cyinder source) 


A.24 


Single-stage pipeline system with compressor supply system for air for driving surgical tools (two air 
corryressor sources) 


A. 25 


Doutjie-stage pipeline system with compressor supply system for air for driving surgical tools (one 
ar compressor source - one cylinder source) 


A.28 


DoiMe-stage pipetne system with compressor supply system for air for drivffig surgical tools (two 
air compressor sources) 


A.27 


Vacuum pipeline system (three vacuum sowoes) 


A.28 


Area dstnbubon system for singl»«tage pipeline distribution system (VKith no additfonal pressure 
regi^^ors) 


A.29 


*^*^^******' *'"*"" ^ doubte-stage pipeline distribution system with two parallel line pressure 


A. 30 


Area distribution system for doubte-stage pipeline distribution system — Additional cylinder with 
pressure regulator permanently connected to pipeline 
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TabI* A.2 — K«y to componwits In FIgum A.1 to A.SO 



Numbar 


Coinpo«wnt 


1 


Source shut-off valve 


2 


Main shut-off valve 


3 


Connector to pipeline 


4 


Riser shut-off valve 


5 


Branch shut-off valve 


6 


Area shut-off valve 


7 


Maintenance shut-off valve 


8 


Line pressure regulator 


9 


Terminal unit 


10 


Pressure-relief valve 


11 


Non-return valve 


12 


Maintenance supply assembly 


13 


Pressure alarm switch 


14 


Oxygen analyser 1 


15 


Oxygen analyser 2 


16 


Flexible connector 


17 


Cylinder with cylinder valve 


18 


Cylinder pressure regulator (supplying nominal pipeline dwthtxjtion pressure) 
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TaWe A.3 — Key to subasswnbllw In Figures A.1 to A.30 



Utttr 


SubasMinbly 


A 


Primary source of supply with a manifold pressure regulator 


B 


Secondary source of supply with a manifold pressure regulator 


C 


Reserve source of supply with a manifold pressure regulator 





Single-stage pipeline 


E 


DoUile-stage pipeline with line pressure regulator 


F 


Single-stage pipeline for air for driving surgical tools 


G 


Single-stage pipeline for medical air 


H 


Doubto-stage pipeline for medical air with Kne pressure regulators 


1 


Doubienrtage pipeline for air for driving surgical tools with line pressure regulators 


J 


Conditioning system 


K 


Recefver 


L 


Compressor unit 


M 


Reserve compressor unit 


N 


Mixer with receiMr and automatic shut-off valve 





Potential supply source for oxygen pipeline 


P 


Potential supply source for pipeline for nitrogen for driving surgical tools 


Q 


Oxygen supply system 


R 


Nitrogen supply system 


S 


Drainage trap 


T 


UK. Ml III nner 


U 


Reservoir 


V 


Vacuum source of supply 


w 


Vacuum pipeline 


X 


Suppled via riser or branch 
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I) test of the quality of air for driving surgical tools produced by air compressor systems (see 12 6 12), 

m) test of ttie quality of medical air produced by proportioning systems (see 12 6 13); 

n) test of the quality of oxygen-enriched air produced by oxygen corKentrator systems (see 12 6 14); 

o) filling with specific gas (see 12.6.15); 

p) tests of gas Identity (see 12 6 16) 

12.5 Requirements for inspections and checks t>efore concealment 

12.5.1 Inspection of marking and pipeline supports 

Marking shall comply with 10.1 . The pipeline supports stull be inspected to verify that they comply with 1 1 2. 

12.5.2 Clieck for compliance with design specifications 

All items shall be shown to comply with the design specifications (e.g. the sizing of the pipelines, location of 
terminal units, line pressure regulators, if fitted, and shut-off valves). 

12.6 Requirements for tests, checks and procedures t>efore use of the system 
12.6.1 Tests for leakage and mechanical Integrity 

One of the following combinations of leakage and mechank»l integrity tests shall t>e carried out: 

a) test for mechanical Integrity of vacuum pipeline systems (see 12.6 1 1) * test for leakage into the vacuum 
pipeline systems (see 12 6 1.2) -•- combined tests for leakage and mechanical integnty of compressed 
medical gas pipeline systems (after concealment) (see 12 6 1 6), 

b) lest for mechanical integrity of vacuum pipeline systems (see 1 2.6. 1 . 1 ) '•- test for leakage into the vacuum 
pipeline systems (see 12.6 1.2) -t- test for mechanical integrity for compressed medical gas systems 
(see 12 6.1 .3) -^ test for leakage from the compressed medical gas pipeline systems (see 12 6 1 .4); 

c) test for mechanical Integrity of vacuum pipeline systems (see 1 2 6 1 1 ) > test for leakage into the vacuum 
pipeline systems (see 12.6 1 2) -t- combined tests for leakage and mechanical integnty of compressed 
medical gas pipeline systems (before concealment) (see 12.6.1.5) -f test for leakage from the 
compressed medical gas pipeline systems (see 12 6 1 4). 

The pressure drop shall be corrected for variations due to temperature according to the kJeal gas laws (see 
Annex E for information). 

NOTE Regional or national regulatkKis wtiich apply to requirements for leakage and mecharNcai tntsgrity can exist 
12.6.1.1 Test for mechanical integrity of vacuum pipeline systems 

This test can be carried out before concealment or after concealment and before use of tt>e system It can be 
preferable to test sections of the system irnlividualty, provkled that no sectkm is omitted. 

Apply for 5 min a pressure of 500 kPa. 

The source of test gas shall be disconnected after initial pressurizatkm. 

Check for the integrity of the pipeline distribution system and its components. 
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12.6.1.2 Test for leakage into the vacuum pipeline systems 

This test shall be earned out after concealment and before the use of the system. 

With the complete system at nominal distribution pressure, with the source of supply isolated and with all other 
valves open, the pressure increase in the pipeline shall not exceed 20 kPa after 1 h. 

12.6.1.3 Test for mechanical integrity for compressed medical gas pipeline systems 

This test shall be carried out before concealment. 

Apply for 5 min a pressure of not less than 1,2 times the maximum pressure which could occur under single 
fault condition in each section of pipeline distribution system. 

For double-stage distribution systems, line pressure regulators should not be fitted at this stage of Installation 
and can be replaced by suitable connectors. If so, the test pressure for the complete pipeline should be 
determined, taking into account the maximum pressure which can be applied to the pipeline downstream of 
the supply system in single fault condition. 

Check for the integrity of the pipeline distribution system and its components. 

12.6.1.4 Test for leakage from the compressed medical gas pipeline systems 

This test shall t>e carried out after concealment and before use of the system. 

For single-stage pipeline distribution systems, the leakage from the medical gas pipeline system shall be 
measured from all portion(s) of the system downstream and upstream of each area shut-off valve with the 
source of test gas disconnected. 

For double-stage pipeline distribution systems, the leakage from the medical gas pipeline system shall be 
measured from all portion(s) of the system downstream and upstream of each line pressure regulator with the 
source of test gas disconnected 

The means to allow physical isolation of services described in 8.3.5 b) shall be used to isolate the sections 
upstream and downstream of each area shut-off valve (or each line pressure regulator). 

In sections downstream of each area shut-off valve (or each line pressure regulator): 

— after a test period of 2 h to 24 h at nominal distribution pressure, the pressure drop shall not exceed 
0.4 %/h of the test pressure in portions not including flexible hoses in medical supply units; 

— after a test period of 2 h to 24 h at nominal distribution pressure, the pressure drop shrti not exceed 
0.6 %/h of the test pressure in portions including flexible hoses in medical supply units. 

In sections upstream of each area shut-off valve (or each line pressure regulator): 

— after a test period of 2 h to 24 h at nominal distribution pressure for single-stage pipelirw distribution 
systems or at nominal supply system pressure for double-stage pipeline distribution systems, the 
pressure drop shall not exceed 0,025 % of the initial test pressure per hour. 

12.6.1.5 Combined tests for teakage and mechanical integrity of compressed medical gas pipeline 
systems (before corK:ealment) 

These tests shall t>e carried out before concealment. 

Apply for 5 min a pressure of not less ttian 1 ,2 times the maximum pressure which could occur under sinole 
fault condition in each section of pipeline distrit>utk>n system. 

Check for the integrity of the pipeline distritnition system and its components 
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For double-stage distnbution systems, line pressure regutatore should not be fitted at ttm stage of instaiMon 
and can be replaced by suitable connectors. If so, the test pressure for the complate pipelina should be 
detennined, taking into account the maximum pressure which can be applied to the pipaime downstraam of 
the supply system in single fault condition 

At the same test pressure, the pressure drop after a test pehod of 2 h to 24 h shall be less ttmn 0.025 % of tha 
initial test pressure per hour. 

12.6.1.6 Combined tests for leakage and mechanical integrity of compraaaad medical gas pipallna 
systems (after concealment) 

These tests shall be carried out after concealment and t>efore use of the system. 

Mechanical integrity shall be tested for 5 min at a pressure of not less than 1 ,2 times the maximum pressure 
which could occur under single fault condition of each section of the pipeline distribution system. 

Check for the mechanical integrity of the pipeline distribution system and its components 

The leakage shall then be measured from the wfiole system with the source of test gas disconnected In 
accordance with 12.6.1 4. 

12.6.2 (*) Tests of area shut-off valves for leakage and closure and chaciw for correct zonmg and 
correct Identification 

12.6.2.1 With the system upstream of each closed area shut-off valve under test at nominal distributk)n 
pressure, the downstream tine depressurized to 100 kPa and all downstream terminal units closed, tha 
pressure increase downstream of each closed area shut-off valve after 15 min shall not exceed 5 kPa 

This test does not apply to vacuum systems. 

12.6.2.2 All area shut-off valves shall be checked for correct operation and identification and to show ttiat 
they control only those terminal units intended by the design 

12.6.3 Test for cross-connection 

It shall be proved that there are no aoss-connections between pipelines for different gases or vacuum. 

12.6.4 Test for obstruction and flow 

The pressure change measured at each tenninal unit shall not exceed the values specified hi Table 4 whan 
the test flowrate specified in Table 4 Is taken from each terminal unit or NIST or DISS connector in turn. Each 
pipeline system shall be at its nominal distribution pressure and connected to tf>e test gas supply. 

Table 4 — IMaximum allowable prassure change 



Pipeline system 


Pressure change 


Teat Howrate 


Compressed medical gases other than 
air or nitrogen for dnving surgical tools 


-10% 


40Mnin 


Air or nitrogen for driving surgical tools 


-15% 


aSOWnin 


Vacuum 


+15kPa 


25tfmin 


NOTE During ttvs test, the distnbution pressure in (tie vacuum system is subfeci M Change: ttieretore. an 
absdUe value for the pressure change a approohate 



All exhaust pipes (eg from pressure-relief valves, terminal units for supply and disp(»al of air or nHrogan for 
driving surgical tools) shall be checked for otjstruction 
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12.6.5 Checks of terminal units and HIST or DISS connectors for nrwchanical function, gas specificity 
and Identification 

12.6.5.1 Nlechanical function 

This test requires that each tentiir«l unit is complete with its fasda plate. 

It shall be demonstrated, for each terminal unit, that the appropriate gas-specific probe can be inserted, 
captured and released. 

If an anti-swivel device is provided, it shall be demonstrated that this retains the probe in the conrect 
orientation. 

It Shan be demonstrated, for each NIST or DISS connector, that the appropriate nipple can be inserted into the 
body and secured by the nut. 

NOTE This test can be carried out at the same twne as the tests described in 12.6.4, 12.6.5.2, 12.6.5.3 and 12.6.16. 

12.6.5.2 Gas specificity 

It shall be demonstrated for each terminal unit that gas (or vacuum) is released only when the correct probe is 
inserted and-captured, that no other type of probe used in the same healthcare facility can be captured and 
that no gas (or vacuum) is released when any other type of probe used in the same healthcare facility is 
Inserted. 

It shall be demonstrated, for each NIST or DISS connector, that only the correct nipple can be inserted into 
ttie body and secured by the nut and that no nipple for other gases (or vacuum) can be inserted and secured. 

NOTE This test can be carried out at the same time as the tests described in 12 6 4, 12.6 5.1, 12.6.5.3 and 12.6.16. 

12.6.5.3 Mentiflcation 

All terminal units shall t>e cf>ecKed for correct identification and labelling. 

NOTE This test can be carried out at the same time as the tests described in 12.6.4, 12.6.5.1, 12.6.5.2 and 12.6.16. 

12.6.6 Tests or checks of system performance 

Each pipeline system shall be shown to deliver the system design flow at the nominal distribution pressure. 

It shall be shown using tests, verification of calculation or other suitable methods that whilst the system Is 
delivering the system design flow, the requirements given in Table 2, 7.2.2, 7 2 3 and 7 2 4 are met at 
selected terminal units. 

12.6.7 (*) Tests of pressure-relief valves 

The perfonnance of pressure-relief valves shall be in accordance with 7.2.5 and 7 2 6 

If type-tested and certified pressure-relief valves are fitted, testing after installation is not required. 

Evi(tence shall be provided by the manufacturer. 

IS^r^qoest ^'°^' °' "^°^ '^"'^"^ """ '^""* "* '^°'^'°" °' "^"'^ '° ' "°"'^ body or competent authonty 
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7.2.2 For compressed medical gases other than air or nitrogen for driving surgical tools, ttie pressure at any 
terminal unit shall not be greater than 110 % of the nominal distnbutlon pressure with the system operating at 
zero flow The pressure at any terminal unit shall not be less than 90 % of the nominal distribution pressure 
with the system operating a! system design flow and with a flowrate of 40 l/min at that terminal unit 

IMOTE 1 SysteTi design flow is calculated m accordance with appropriate diversify factors Examples of diversity factors 
are given in HTM 02 !--■ '^^l FD S 90-155 i'*' and AS 2896-1998 ''*! 

NOTE 2 The following factors will contnbute to the pressure change performance of line pressure negulators. pressure 
drop in the pipeline downstream of the line pressure regulator and pressure drop across the terminal unit 

7.2.3 For air or nitrogen for driving surgical tools, the pressure at any terminal unit shall not be greater than 
115 % of the nominal distribution pressure with the system operating at zero flow The pressure at any 
terminal unit shall not be less than 85 % of the nominal distribution pressure with the system operating at 
system design flow and with a flowrate of 350 l/min at that terminal unit 

NOTE 1 System design flow is calculated in accordance with appropnate diversity factors Examples of diversity factors 
are given in HTM 02 I") [26] pQ 5 90-155 I^^l and AS 2896-1998 ''*' 

NOTE 2 The following factors will contnbute to the pressure change performance of line pressure regulators, pressure 
drop in the pipeline downstream of the line pressure regulator and pressure drop across tfie terminal unit 

7.2.4 For vacuum systems, the pressure at any terminal unit shall not be greater than 60 kPa absolute with 
the system operating at system design flow and with a flowrate of 25 l/min at that terminal unit 

NOTE System design flow is calculated m accordance with appropnate diversity factors Examples of diversity factors 
are given in HTM 02 I«l M pQ 5 90-155 f^*' and AS 2896-1998 1^*1 

7.2.5 (*) For compressed medical gases other than air or nitrogen for driving surgical tools, the pressure iK 
any terminal unit shall not exceed 1 000 kPa in a single fault condition of any pressure regulator installed 
within the system Means for this purpose (eg pressure-relief valves) shall be provided If fitted, pressure- 
relief valves shall comply with 5 2 6 Bursting discs shall not t>e used for this purpose 

Evidence shall be provided by the manufacturer. 

NOTE 1 Regional or national regulations can require the provision of evidence to a notified t>ody or competant Mithonty 
upon request 

NOTE 2 Attention is drawn to regional, national and international standards for pressure-relief valves, e g ISO 4126-1 ''I 

7.2.6 (*) For air or nitrogen for driving surgical tools, the pressure at any terminal unit shaH not exceed 
2 000 kPa in a single fault condition of any pressure regulator installed within the system. Mesne for this 
purpose (eg pressure-relief valves) shall be provided If fitted, pressure-relief valves shall comply with 5.2 6. 
Bursting discs shall not be used for this purpose 

Evidence shall be provided by the manufacturer 

NOTE 1 Regional or national regulations can require the provision of evider>ce to a notified txxly or competent a«^hority 
upon request 

NOTE 2 Attention is drawn to regional, national and international standards for pressure-relief valves, eg ISO 4126-1 1^'. 

7.3 Low-pressure hose assemblies and low-pressure flexible connections 

7.3.1 Low-pressure hose assemblies, if provided, shall comply with ISO 5359. 

NOTE Low-pressure hose assemt>lies in pipeline distrA>utk>n systems are normatty used for emergency supply of gan 
to a pipeline or as pan of permanently fixed equipment such as booms, pendants arxl pendant tracks Low-pressure hoee 
assemblies can be required to eiectncally isolate terminal units installed ckne to Nuclear Magnetic ResonafKe (MUR) 
systems 
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7.3.2 If a low-pressure flexible connection is part of the pipeHr^. for ^^'T^'lf^P;'^ J^J^S^ 
vibration, building movement and relative movement of the pipelines, and is not intended to be replaced 
during its life, the assembly need not be gas-spedfic. 

7.3.3 If a lov.-pressure flexible connection is part of a pipeline, it shall be tested in accordance with 
Clause 12. 

7.3.4 If low-pressure flexible connections are provided in the pipeline distribution system, they shall be 
accessible for inspection and maintenance. 

The use of low-pressure hose assemblies and low-pressure flexible connections in the pipeline distribution 
system should be limited because of the potential hazard arising from their rupture and the subsequent nsk of 
loss of gas supply. 

7.4 Double-Stage pipeline distribution systems 

7.4.1 (*) Alternative arrangements for line pressure regulators are shown in Annex A (Figures A.29 and 
A30). 

Each bed-space/patlent-space shall be supplied from at least tvra pennanently fitted line pressure regulators 
to ensure continuity of supply. The design flow of the area served shall be supplied by each line pressure 
regulator. 

NOTE 1 These regulators can be combined with the area shut-off valve, see 8.3. 

The instmctions for use and maintenance shall specify how the two permanently fitted pressure regulators are 
Intended to operate 

NOTE 2 The manufacturer can choose between various means of risk control, e.g. automatic switch-over and alarms, 
manual swrtcfi-over and proper emergency procedures, training and local reserve supplies. 

7.4.2 For emergency and maintenance purposes, shut-off valves shall be fitted both upstream and 
downstream, adjacent to each line pressure regulator. 

8 Shut-off valves 
8.1 General 

8.1.1 Shut-off valves are provided to isolate sections of the pipeline distribution system for maintenance, 
repair, planned future extensions and to facilitate periodic testing 

The nomenclature tor shut-off valves shall be as follows: 

a) source shut-off valve, 

b) main shut-off valve; 

c) riser shut-off valve, 

d) branch shut-off valve; 

e) area shut-off valve. 

f) nng shut-off valve, 

g) maintenance shut-off valve, 
h) inlet shut-off valve 

NOTE Examples of nomenclature of shut-off valves are given in Annex A 
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8.1.2 If not specified, the location of all shut-off valves and the extent of the area served by each area shU- 
off valve shall be determined by the manufacturer togethw with ttw healthcare facility management, usmg nsk 
analysis procedures In accordanca with ISO 14971. 

The risk assessment shall also take Into account the hazards arising from ttie possible mpture of low-pressure 
hose assemblies fitted within any medical supply units. 

Consideration shoukJ be given to providing a shut-off valve at the point wttere the pipeline enters a butkjing 
unless the main, riser or branch shut-off valve is accessible within the txiikjing 

8.1.3 All shut-off valves shall t>e identified by indicating 

a) the gas or vacuum service name or symt>ol, or 

b) the risers, branches or areas controlled. 

This identification shall be secured to the valve, valve box or the pipeline and be readily visible at the valve 
site. 

8.1.4 For all shut-off valves in a medical gas pipeline system, It shall be apparent by observation whether 
the valve Is open or closed. 

8.1.5 A source shut-off valve shall be provided downstream (upstream for vacuum) of each source of 
supply. 

8.1.6 An inlet shut-off valve shall be provided on the pipeline immediately upstream of the maintenance 
supply assemt>ly, If provided. 

8.1.7 Shut-off valves shall be lockable in the open and closed positions; shut-off valves which cannot be 
locked In the open or closed position shall be protected from operation by unauttKjnzed personnel 

8.2 Service shut-off valves 

8.2.1 Typical uses of service shut-off valves are 

a) as shut-off riser valves, 

b) as shut-off branch valves, 

c) as shut-off maintenance valves, or 

d) as shut-off ring valves. 

8.2.2 Service shut-off valves shall be used only by the authonzed personnel and should not be accessible 

to unauthorized persons. 

8.2.3 Each riser shall be provided with a shut-off valve adjacent to the connection to the mam line 

8.2.4 Each branch shall be provided with a shut-off valve adjacent to the connection to the nser or main line 

8.3 Area shut-off valves 

8.3.1 All terminal units in the pipeline system other than those provided only for emergency, system test 
purposes or maintenance of components (e g line pressure regulators) shall be downstream of an area shut- 
off valve (upstream for vacuum) An area shut-off valve shall be provided in each gas and vacuum pipelirw 
serving each operating theatre, general ward area and all other departments 

8.3.2 Area shut-off valves shall be located on the same floor as the terminal units they serve 
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8.3.3 Area shut-off valves shall be used to isolate areas within healthcare f^^^^f ! ^°™^^^^^ 
emergency purposes. Their operation, in the latter case, should be included as part of the emergency disaster 
plan 

8.3.4 Area shut-off valves shall be housed in boxes with covers or doors. The boxes shall be labelled with 
the following or similar wording 

CAUTION — Do not close valve<s) except In emergency. 

8.3.5 Each box shall contain the follovwng: 

a) area shut-off valve(s) for one or more gases; 

b) except for vacuum systems, means to allow physical isolation of the service(s). These means shall be 
clearly visible when deployed A closed valve shall not be considered an adequate physical isolation 
when modifications are carried out to existing systems. 

8.3.6 Each box shall be vented to the room to prevent accumulation of gas and shall have a cover or door 
which can be secured in the closed position. The cover or door shall allow quick access in case of ennergency. 

8.3.7 All boxes shall be located within nonnal hand height and shall be visible and accessible at all times. 
Consideration shall be given to prevent access by unauthorized personnel, especially in psychiatric or 
paediatric units. 

8.3.8 Except for pipelines for vacuum and for air or nitrogen for driving surgical tools, an emergency and 
maintenance inlet point shall be provided downstream of each area shut-off valve The emergency and 
maintenance inlet point shall be gas-specific (either a NIST or DISS body or the socket of a terminal unit). The 
dimensions of Vhe inlet point shall take into account the flow required during emergency and maintenance 
activities The emergency and maintenance inlet point can be located within the box containing the area shut- 
off valve. 

8.3.9 Except for 

— sensors or indicators (eg for pressure and flow), 

— emergency and maintenance inlet points, 

— means to allow physical isolation of the service, 

— maintenance shut-off valves ( if fitted) , 

— operator-adjustable low-pressure regulators for air or nitrogen for driving surqical tools 
(see IS0 10524-4 l'*l), ** ** 

no components shall be installed between an area shut-off valve and the terminal units 

9 Terminal units, gas-specific connectors, medical supply units pressure 
regulators and pressure gauges ' 

9.1 Tennninal units shall comply wrth ISO 9170-1 

9.2 Gas-specific connectors shall be either the gas-specific connection point of a terminal unit comolvina 
with ISO 9170-1 or the body of a connector complying with ISO 5359 rerminaj unit complying 

9.3 Medical supply units (e g ceiling pendants, bedhead units, booms) shall comply with ISO 1 1197. 

9.4 Manifold and line pressure regulators shall comply with ISO 10524-2 

9.5 Pressure gauges shall comply with the requirements given in ISO 10524-2 
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5.5.3.2 A supply system with proportioning unit(s) shall comprise at least three sources of suw>ly. at lea^ 
one of which shall be a proportioning unit The supply system shall b>e such that the system design flow can 
be supplied with any two sources of supply out ol service 

NOTE 1 A supply system with proportioning units typically consists ot one o( the following 

a) sources of oxygen and nitrogen, one proportioning unit and two banks of cylinders Of cyltfyJef buntflm. 

b) sources of oxygen and nitrogen two proportioning units and one bank ot cylinders or cyhrvler burxlles 
NOTE 2 A proportioning unit typically comprises the following 

a) a mixer wKh a process control analyser 

b) an automatic shut-off valve controlled by the pressure of the supply gas. a pressure regulator and a non-ratum valva 

for each of the supply gases, 

c) a medical air receiver fitted with a pressure-relief valve and a pressure gauge, 

d) a quality control analyser connected to the receiver, 

e) an automatic shut-off valve fitted downstream of the receiver 

5.5.3.3 The sources of oxygen and nitrogen for proportioning systems shall conform to the requirements 
of 5 2 and 5 4 and can be the same sources as those supplying the medical gas pipelines separately Means 
shall be provided to prevent cross-contamination between gases supplying the proportioning unit. 

5.5.3.4 A proportioning system shall operate automatically 

The oxygen concentration of the mixture shall be analysed continuously by two indeperKtent oxygen-analy»ng 
systems At least one oxygen-analysing system shall be fitted on or downstream of the recover. ReoKdtng 
capability for oxygen concentration shall be provided 

If the oxygen concentration of the mixture or the pressure supplied to the pipeline distnbution system goes out 
of specification, an alarm shall be activated and Vne proportioning system shall be automatkuMly iw^ated by 
closing the controlled shut-off valve fitted downstream of the receiver The secondary source of supply sfwil 
then automatically supply the pipeline The system shall be an-anged so that manual intervention is necessary 
to correct the composition of the mixture t>efore reconnecting the proportioning system to the pipeline system. 

5.5.3.5 A proportioning system shall be capat>le of supplyir>g a mixture of ttie required compoettion ovw 

the entire range of specified flow^ates 

5.5.3.6 A proportioning system shall include means for verifying the calibration of the analysing system(s) 

by reference to mixture(s) of known composition 

5.5.3.7 A sample port with a shut-off valve shall be provided immediately upstream of the main shut-off 

valve(s) 

5.6 Supply systems with oxygen concentrator(s) 

5.6.1 Where national or regional regulations permit the use of oxygen-enriched air. the supfi^y systems wl&\ 

oxygen concentrator(s) shall comply with ISO 10083 

5.6.2 If not specified by regional or national regulations, the speafication for oxygen-enric^wd air shall 

comply with ISO 10083 

NOTE Regional or national regulations applying to oxygen-enriched air can exist 
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5.7 Supply systems for vacuum 

5 7 1 A supply system for vacuum shall comprise at least three sources of supply, one reservoir, fvw) 
parallel bacterial filters and one drainage trap. A source of supply typically comprises one or more vacuum 

pumps. 

5.7.2 Where the three sources of supply consist of three separate pumps, each pump shall be capable of 
supplying the system design flow to ensure continuity of supply. 

5.7.3 Where the supply system for vacuum consists of more than three pumps, virtiich can be switched 
between the different sources of supply to provide adequate capacity, these shall be aranged so that during 
maintenance on any pump or system component and during a subsequent single fault condition on any 
component of the system (eg control system), the remaining pumps and components shall be capable of 
supplying the system design flow to ensure continuity of supply. 

5.7.4 Each pump shall have a control circuit an-anged so that shutting off, or failure, of one pump will not 
affect the operation of other pumps. The controls shall be arranged so that all the pumps supply the system in 
turn or simultaneously. This requirement shall be met in normal condition and in single fault condition of the 
control system. 

5.7.5 All supply systems for vacuum shall comply with 5.2.2.1. All sources of supply shall be connected to 

the emergency power supply. 

5.7.6 Reservoirs shall comply with appropriate regional or national standards. 

5.7.7 Each reservoir shall be fitted with maintenance shut-off valve(s), a drain valve and a vacuum gauge. If 
only one reservoir or one drainage trap is fitted, means of bypass shall be provided. 

5.7.8 The exhaust(s) from the vacuum pumps shall be piped to the outside and shall be provided with 
means to prevent the ingress of, for example, insects, debris and water. The exhaust(s) shall be located 
remote from any air intakes, doors, windows or other openings in buildings. Consideration should be given to 
the potential effects of prevailing winds on the location of exhaust(s). 

5.7.9 The exhaust line shall be provided with a drain at its lowest point. 

5.7.10 If necessary, means shall be provided to prevent the transmission of vibration from the vacuum 
pumps to the pipeline. 

5.7.1 1 Each bacterial filter shall be capable of passing the system design flow at nomnal operating corulition. 

5.7.12 Vacuum supply systems complying with this part of ISO 7396 shall not be used as AGS power 

devices (see ISO 7396-2 (51) 

5.8 Location of supply systems 

Gas and non-cryogenic liquid cylinder supply systems shall not be located in the same room as medical air 
compressors, oxygen concentrators or vacuum supply systems 

The location of supply systems shall take into account potential hazards (e.g. contamination and fires) arising 
from the location of other equipment or other supply systems wittiin the same room. 

These locations shall be provided with drainage facilities. 

(*) The ambient temperature in rooms for supply systems shall be in the range of 10 °C to 40 'C. 
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Where the medical air supply system consists of more ttian two conditioning units which can be switched 
between the different sources of supply to provide adequate capacity, these shall be arranged so that during 
maintenance on any conditioning unit or system component and during a subsequent single fault condition on 
any component of the system {e.g. control system), the remaining conditioning unit(s) and components shall 
t>e capable of supplying the system design flow to ensure continuity of supply of the appropriate product 
quality. At least one dew-point alarm sensor shall be fitted to the pipeline system downstream of all 
conditioning units. Recording capability of the water vapour content should be provided. 

Each compressor unit shall hiave an automatic means to prevent backflow through off-cycle units and a shut- 
off valve to isolate it from the pipeline system and other compressors. 

NOTE 1 A supply system with compressors for medical air typically comprises one of the following: 

a) one compressor unit with one receiver, one conditioning unM and two t>anks of cylinders or cylinder tHindles; 

b) two compressor units with two receivers, two conditioning units and one bank of cylinders or cylinder bundles; 

c) three compressor units with two receivers and two cofxJitionir>g units. 
NOTE 2 A compressor unit for medical air typically comprises the following: 

a) an inlet filter; 

b) one or more compressors; 

c) an after-cooler with shut-off valve and automatic drain; 

d) an oil separator with shut-off valve and automatic drain. 

NOTE 3 A conditioning unit for medical air typically comprises the following: 

a) a dryer with shut-off valves and automatic drain; 

b) an adsorber, a catalyst and filter(s) as required to remove contaminants; 

c) a dew-point sensor fitted with an alarm and display, connected to the pipeline system downstream of all conditioning 
units. 

5.5.2.5 If an independent supply system with compressors for air for driving surgical tools is provided, it 
shall comprise at least two sources of supply, at least one of which shall be a compressor unit. 

At least one dew-point alarm sensor shall be fitted to the pipeline system downstream of all conditioning units. 

NOTE 1 A supply system with compressors for air for driving surgical tools typically comprises one of the fbllownng 

a) one compressor unit with one receiver, one conditioning unit and one bank of cylinders or cylinder bundles; 

b) tvTO compressor units with one or more receivers fitted with a means of bypass and two conditioning units. 
NOTE 2 A compressor unit for air for driving surgical tools typically comprises the following: 

a) an inlet filter; 

b) one or more compressors; 

c) an after-cooler with shut-off valve and automatic drain; 

d) an oil separator with shut-off valve and automatic drain. 
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NOTE 3 A cond,tK,n,ng unrt tor a.f for dnving surg.cal tools typically compnses the following: 

a) a dryer wrtfi shut-off valves and automatic dram. 

b) ftnef(s) as required, 

c) a dev.-po.nt sensor fitted with an alarm and display, connected to the pipeline system downstream of all conditioning 
units 

5.5.2.6 Receivers shall 

a) comply with EN 286-1 or equivalent national standards, and 

b) be fitted vwth shut-off valve(s), an automatic drain, a pressure gauge and a pressure-relief valve, 

5.5.2.7 Each group of receivers shall be arranged so as. to allow each receiver in that group to Ije 
maintained separately 

5.5.2.8 If two or more conditioning units are fitted, they shall allow the components to be maintained 
separately 

5.5.2.9 A sample port with a shut-off valve shall be provided immediately downstream of the conditioning 

system (s) 

5.5.Z10 When more than one compressor unit is provided, each compressor shall have a control circuit 
arranged so that shutting off, or failure, of one compressor will not affect the operation of other compressor(s) 
The automatic controls for multiple compressors shall be arranged so that all the units supply the system in 
turn or simultaneously This requirement shall be met in normal condition and in single fault cehdition. Each 
receiver or group of receivers shall be fitted with a means of pressure control, eg. pressure switch(es) or 
pressure transducer(s) 

5.5.2.11 The intake of the ambient air for compressors shall be located where there is minimal 
contamination from internal combustion engine exhaust, vehicle parking, access areas, hospital waste and 
disposal systems, vacuum system exhausts, vents from medical gas pipeline systems, anaesthetic g^s 
scavenging systems, ventilation system discharges, chimney outlets and other sources of contamination The 
inlet shall be provided with means to prevent the ingress of. for example, insects, debris and water on the 
location of the intake(s) Consideration should be given to the potential effects of prevailing winds on the 
location of the intake(s) which should be remote from chimney outlets. 

5.5.2.12 A supply system with compressors for medical air intended to supply a single-stage pipeline 
distribution system shall include two permanently fitted pressure regulators The design flow of the pipeline 
distribution system shall be supplied by each pressure regulator 

The instructions for use and maintenance shall specify how the two permanently fitted pressure regulators are 
intended to operate 

5.5.2.13 If necessary, means shall be provided to prevent transmission of vibration t)etween each 
compressor and the pipeline 

5.5.3 Supply systems with proportioning unit(s) 

5.5.3.1 Regional or national regulations applying to medical air produced by proportioning unlt(s) can 
exist Where such regulations do not exist, medical air shall comply with the following: 

a) oxygen concentration $ 19,95 % (volume fraction) and < 23.63 % (volume fraction) 

b) water vapour content ^ 67 ml/m^ 

NOTE These values are taken from the European Pharmacopoeia 2005 
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3.51 

supply pressure regulator 

pressure regulator fitted withtn a source of supply and ir^ended to regulate the pressura supplied to th« Hn* 
pressure regulator(s) 

NOTE For a source of supply with cylinders or cylinder txjn<9et. ttus is referred to « the manitold preMure reguMDr 

3.S2 

supply system 

assembly wtilch supplies the pipeline distritxjtion system wid wfNch includes an souroM of tuppty 

3.53 

system design flow 

flow calculated from the maximum flow requirement of the heaKhcare factiity and corrsctad t>y Iha divarslty 
factor(s) 

3.54 
terminal unit 

outlet assembly (inlet for vacuum) in a medical gas pipeline system at which the operator makas oocmacliont 
and disconnections 

3.55 

vacuum supply system 

supply system equipped with vacuum pumps designed to provide a fk>w at rMtgativa praaaura 

4 General requirements 

4.1 (*) Safety 

Medical gas pipeline systems shall, when insttflad, extarxlad, modlfiad, commiaaionad, oparalad and 
maintained according to the instructions of the martufacturer, present no risks Vnm ara not reduced to an 
acceptable level using risk management procedures in accordance with ISO 14971 and «4ilch are co nneclad 
with their intended application, in normal condition and in s*r)gle fault conditxxi. 

NOTE 1 A situation in which a fault a not detected « considored a normal condition Fsutt oondNionsAiarardous 
situations can remain undetected over a penod of time and as a contequenoa can lead to an unaooaptabie risk. In tfMt 
case, a subsequent detected fault condition need* to be considered as a single fUiA condUkxi Spacifc ilsk oonlrel 
measures to deal with such situations need to be determined within the nsk management process 

NOTE 2 Typical safety hazards (including ciscontinuity of supply, incorrect pressure and/or Ikiw. wrong gee supply, 
wrong gas composition, contamination, leakage, firs) are listed m Arvtex F 

4.2 (*) Alternative construction 

Pipeline installations and compor)ents. or parts thereof, using mMeriate or having fdrms of consiniclion 
different from those detailed in this part of ISO 7396. shrt t>e presumed to be in oompianoa wWt the safety 
objectives of this part of ISO 7396 if it can be demonstrated that an equivalent degree of sefety is obtained 
(I e compliarKe with requirements presumes that nsks have been mitigated to e cc ep t a bt e lewela) unlesa 
objective evidence to the contrary becomes available 

NOTE 1 Objective evidence can be oibttainea by poM-mailwt surveMance 

Evidence of an equivalent degree of safety shaH be provided by the manutecturer 

NOTE 2 Regional or national regirfations can lequire the provision of evidence to a o omp e t a n t at^horMy or a oortfwm i ty 
assessment body, e g to a notified body in the European Economc Area (EEA) upon rec^jast 
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4.3 Materials 

4.3.1 (•) The manufacturer shall disclose, upon request, evidence of the corrosion resistance of the 
materials used for pipes and fittings. 

NOTE Corrosion resistance includes resistance against the influence of moisture and the surrounding materials. 

4.3.2 {•) The manufacturer shall disclose, upon request, evidence that the materials used in components of 
the medical gas pipeline system which come into contact with the actual gas shall be compatible with the 
actual gas and oxygen under normal and single fault condition. If lubricants are used, except vwthin air 
compressors and vacuum pumps, they shall be compatible with oxygen during normal and single fault 
condition of the pipeline system. 

Evidence shall be provided by the manufacturer. 

NOTE 1 Criteria for the selection of metallic and non-metallic materials are given in ISO 15001. 

NOTE 2 Regional or national regulations can require the provision of evidence to a notified body or competent authority 
upon request 

NOTE 3 Compatibility with oxygen involves both combustibility and ease of ignition. Materials which bum in air will bum 
violenfly in pure oxygen. Many materials which do not bum in air will do so in pure oxygen, particularty under pressure. 
Similariy, materials which can be ignited in air require less energy to ignite in oxygen. Many such materials can be ignited 
by friction at a valve seat or by adiat>atic compression produced when oxygen at high pressure is rapidly introduced into a 
system initialty at low pressure. 

4.3.3 The specific hazards of toxic products from combustion or decomposition of non-metallic materials 
(including lubricants, if used) and potential contaminants shall be addressed. Some potential products of 
combustion and/or decomposition for some commonly available non-metallic materials are listed in Table 0.7 
of ISO 15001:2003. 

NOTE Typical 'oxygen-compatibie' lut)ricants can generate toxic products on combustion or decomposition. 

Annex E of ISO 1 5001 2003 gives details of suitable test and quantitative analysis methods for the products of 
combustion of non-metallic materials. Data from such tests shall be considered in any risk evaluation. 

4.3.4 (*) Components of systems virtiich can be exposed to cylinder pressure in normal or single fault 
condition shall function according to their specifications after being exposed to a pressure of 1,5 times the 
cylinder working pressure for 5 min. 

Evidence shall be provided by the manufacturer 

NOTE Regional or national regulations can require the provision of evidence to a notified body or competent auttiority 
upon request 

4.3.5 (*) Components of systems which can be exposed tc cylinder pressure in normal or single fault 
condition shall not ignite or show internal scorching damage when submitted to oxygen pressure shocks. The 
test for resistance to ignition shall be in accordance with ISO 10524-2. 

EvkJence shall be provided by the manufacturer. 

NOTE Regional or national regulatons can require the provision of evidence to a notified body or competent authority 
upon request 

4.3.6 (•) Except for low-pressure hose assemblies and low-pressure flexible connections, metallic materirts 
shall be used for compressed medical gas pipelines If copper pipes of « 108 mm diamrter are used for 
pipelines, they shall comply with EN 13348 or equivalent national standards. Copper pipes of > 108 mm 
diameter and pipes of materials other than copper which are used for compressed medical gases shall comply 
with the cleanliness requirements of EN 13348 or equivalent national standards, tf non-metallic materials are 
used for vacuum pipelines, these matenals shall be compatible with the potential contaminants that can be 
present in the vacuum system 
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Introduction 

Many healthcare facilities use pipeline systems to deMvef medical gases mnd to provida vacuum to ar ia s 
where they are used in patient care or to power ec^pment such as vantNalors and surgical tools. 

This part of ISO 7396 specifies requirements for pipeline systems for compressed medical gases, gases for 
driving surgical tools and vacuum. It is inter)ded fcir use t>y those persorts involved in the design. oons|ruction. 
Inspection and operation of healthcare facilities treating human t>eings Those persons involved in the design, 
manufacture and testing of equipment intended to t>e corrected to pipeline systems should also be aware of 
the contents of this document 

This part of ISO 7396 seeks to ensure that medical gas pipelwies contain ortly the specific gas (or vacuum) 
intended to t>e supplied. For this reason, gas-specific components are used for terminal units snd for ottwr 
connectors which are intended to be used by the operator. In addition, each system is tested arxl certified to 
contain only the specific gas (or vacuum) 

The objectives of this part of ISO 7396 are to ensure the followir)g: 

a) non-interchangeabillty t)etween different pipeline systems by design; 

b) continuous supply of gases and vacuum at specified pressures by providing ^)prophate sources; 

c) use of suitable materials; 

d) cleanliness of components; 

e) correct installation, 

f) provision of monitoring and ^arm systems. 

g) correct marking of the pipeline system, 
h) testing, commissioning ar>d certification; 

i) purity ofttie gases delivered by ttie pipeline system; 

j) correct operational management 

Annex H contains rationale statements for some of the requirements of tt»s part of ISO 7396 ft is included to 
provide additional insight into tt>e reasoning that ted to the requirements and recommerxtotions that have been 
incorporated in this part of ISO 7396 The clauses and S4,4x:iauses marked with (*) after their mjmbef have a 
corresporvjing rationale cont»r>ed in Annex H 
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Evidence shall be provided by the manufacturer. 

NOTE 1 Regional or national regulations can require the provision of evittence to a notified txxly or competent authority 
upon request. 

NOTE 2 Copper pipes of > 108 mm diameter are not covered by EN 13348. 

NOTE 3 Copper is the preferred material for all medical gas pipelines, including vacuum. 

4.3.7 Pipeline components which come in contact with the actual gas shall be supplied in a dean condition 
(see 4.3.8) and protected from contamination prior to, and during, installation. 

4.3.8 (*) Components of the system other than pipes, which are liable to come in contact with the actual gas, 
shall meet the cleanliness requirements of ISO 1 5001 . 

NOTE Examples of cleaning procedures are descrit>ed in ISO 1 5001 . 

4.3.9 Materials for pipelines and components installed in the vicinity of strong magnetic or electromagnetic 
fields [eg Nuclear Magnetic Resonance (NMR), Magnetic Resonance Imaging (MRI)] shall be selected for 
compatibility with these applications. 

4.4 System design 

4.4.1 General 

The number of terminal units per bed-space/work-space and their location in each department or area of the 
healthcare facility, together with the corresponding flowrates required and the diversity factors, shall be 
defined by the management of the healthcare facility in consultation with the system manufacturer. 

NOTE 1 Typical examples of locations of terminal units, flow requirements and diversity factors are given in 
HTM 02 P51- pel, FD S 90-155 1^*', AS 2896-1998 '^ei and SIS HB 370 13°1. 

The sizing of the pipelines shall take into account the potential hazards arising from high gas velocity. 

NOTE 2 Examples of maximum recommended gas velocity are given in FD S 90-155 P*' and SIS HB 370 ""1. 

4.4.2 Extensions and modifications of existing pipeline systems 

Extensions and modifications of existing pipeline systems shall comply with the relevant requirements of this 
part of ISO 7396. In addition, the following requirements apply: 

a) the flow capacity of the supply system shall continue to meet the flow requirements of the extended or 
modified pipeline system. For this purpose, the existing supply system might need to be upgraded; 

b) the flow and pressure drop characteristics of the existing pipeline distribution system shall continue to 
meet at least the original design specifications; 

c) the flow and pressure drop characteristics of the extension or modification to the existing pipeline 
distribution system shall meet the requirements of 7.2. For this purpose, modifications of the existing 
pipeline distribution system might be needed. 
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5 Supply systems 

6.1 System components 

5 1 1 Except for air or nitrogen for driving surgical tods, each supply system shall comprise at least three 
ifidependent sources of supply which can be a combination of the following: 

a) gas in cylinders or cylinder bundles; 

b) non-cryogenic liquid in cylinders; 

c) cryogenic or non-cryogenic liquid in mobile vessels; 

d) cryogenic or non-cryogenic liquid in stationary vessels; 

e) «i air compressor system; 

f) a proportioning system; 

g) an oxygen concentrator system (see IS0 1 0083). 

5.1.2 A supply system for air or nitrogen for driving surgical tools shall comprise at least two sources of 
supply. 

5.1 .3 A supply system for vacuum shall consist of at least three vacuum pumps. 

5.1.4 Schematic representations of typical supply systems are given in Annex A (Figures A.1 to A.27). 

5.2 General requirements 

5.2.1 Capacity and storage 

The capacity and storage of any supply system shall be based on the estimated usage and frequency of 
delivery. The location and the capacity of the primary, secondary and reserve sources of supply of all supply 
systems and the numt)er of full cylinders held in storage, as defined by the management of the healthcare 
facility In consultation with the gas supplier using risk management principles, shall be taken into account by 
the system manufacturer. Appropriate undercover storage facilities for cylinders should be provided to ensure 
that the cylinders are maintained In a safe, secured and clean condition. 

5.2.2 Continuity of supply 

5.2.2.1 The supply systems for compressed medical gases and vacuum shall be designed to achieve 
continuity of system design flow at a distribution pressure complying with 7.2 in normal condition and in single 
fault condition. 

NOTE Loss of mains electrical power or water supply is a single fault condition. A feuit in control equipment is a 
single fauK condition. 

In order to achieve this objective, 

a) the supply systems for compressed medical gases and vacuum shall comprise at least three sources of 
supply, i.e primary source of supply, secondary source of supply and reserve source of supply, and 

b) the layout and the location of the pipelines shall reduce the risk of mechanical damage of the pipeline to 
an acceptable level. 

Failure of the pipeline Is considered a catastrophic event and not a single fault condition, and should be 
m»iaged in accordance with the emergency procedure (see Annex G). 
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Indian Standard 
MEDICAL GAS PIPELINE SYSTEMS 

PART 1 PIPELINE SYSTEMS FOR COMPRESSED MEDICAL GASES AND VACUUM 



1 Scope 

This part of ISO 7396 specifies requirements for design, installation, function, performance, documentation, 
testing and commissioning of pipeline systems for compressed medical gases, gases for driving surgical tools 
and vacuum in healthcare facilities to ensure continuous delivery of the correct gas and the provision of 
vacuum from the pipeline system. It includes requirements for supply systems, pipeline distribution systems, 
control systems, monitoring and alarm systems and non-interchangeability between components of different 
gas systems. 

This part of ISO 7396 is applicable to: 

a) pipeline systems for the following medical gases: 

— oxygen; 

— nitrous oxide; 

— medical air; 

— cart>on dioxide; 

— oxygen/nitrous oxide mixtures (see Note 1); 

b) pipeline systems for the following gases: 

— (*) ox^en-enriched air; 

— air for driving surgical tools; 

— nitrogen for driving surgical tools; 

c) pipeline systems for vacuum. 
This part of ISO 7396 also applies to: 

— extensions of existing pipeline distribution systems; 

— modifications of existing pipeline distribution systems; 

— modifications or replacement of supply systems or sources of supply. 

NOTE 1 Regional or national regulations can prohibit the distribution of oxygen/nitrous oxide mixtures in medical gas 
pipeline systems 

(*) NOTE 2 EN 14931 l^'l defines additional or alternative requirements for the specific application, in particutar for IkMvs 
and pressures of compressed air required to pressurize the hyperbaric chamt)ers and to drive other connected services 
and of oxygen and other treatment gases administered to patients. 
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2 Normative references 

The following referenced documents are indispensable for the ^PP'i^tion of tWs document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 3746 Acoustics - Determination of sound power levels and sound energy levels of noise soumes using 
sound pressure — Survey method using an enveloping measurement surface over a reflecting plane 

ISO 5359, Low-pressure hose assemblies for use wnh medical gases 

ISO 8573-1 2001 , Contpressed air— Part 1: Contaminants and purity classes 

ISO 9170-1. Terminal units for medical gas pipeline systems — Parti: Terminal units for use wHh 
compressed medical gases and vacuum 

ISO 1 0083, Oxygen concentrator supply systems for use with medical gas pipeline systems 

ISO 10524-2, Pressure regulators for use with medical gases — Part 2: Manifold and line pressure regulators 

ISO 11197, Medical supply units 

ISO 14971 , Medical devices — Application of risk management to medical devices 

ISO 1 5001 2003. Anaesthetic and respiratory equipment — Compatibility with oxygen 

ISO 21969, High-pressure flexible connections for use with medical gas systems 

lEC 60601-1-8, AfedAca/ electrical equipment — Part 1-6: Gerteral requirements for safety — Collateral 
standard: General requirements, tests and guidance for alarm systems in medical electrical equipment and 
medical electrical systems 

EN 286-1 , Simple unfired pressure vessels designed to contain air or nitrogen — Part 1: Pressure vessels for 
general purposes 

EN 1 041 , Information supplied by the manufacturer with medical devices 

EN 1 3348, Copper and copper alloys — Seamless, round copper tubes for medical gases or vacuum 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 

air compressor system 

supply system with compressor(s) designed to provide medical air or air for driving surgical tools or l)oth 

3.2 

air for driving surgical tools 

natural or synthetic mixture of gases, mainly composed of oxygen and nitrogen in specified proportions, with 
defined limits for the concentration of contaminants, supplied by a medical gas pipeline system arKl Intended 
for driving surgical tools 

NOTE Different names or symbols are used for air for driving surgical tools, such as instrument air surgical air m 
motor air - 700 and air - 800. 
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